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ABSTRACT 
Since June 1979 a study to determine the effects of municipal street 
sweeping on urban storm runoff quality has been conducted by the Illinois 
State Water Survey (ISWS) for the Illinois Environmental Protection Agency 
(IEPA). The study is part of the Nationwide Urban Runoff Program (NURP) 
sponsored by the United States Environmental Protection Agency. This 
report covers the first phase of the project, lasting through July 1980. 
The project will be completed in March 1982. 
Four small urban drainage basins with separate sewers were selected 
in Champaign, Illinois. An automatic data collection system was installed 
and five sites were instrumented for runoff event monitoring and sampling. 
Event monitoring included recording of precipitation and runoff and 
sampling of runoff and atmospheric fallout. In 26 events, 947 samples 
were collected for 8756 analyses. A street dirt sampling program designed 
to measure the total loads of material on the basins began in May 1980 
and will continue through the project. Street dirt samples were collected 
for calculation of basin load before and after runoff events; determination 
of deposition, accumulation, and removal rates; and investigation of the 
particle size distribution and associated quality. A municipal street 
sweeping program was put into practice on two of the four study areas at 
the end of Phase I. Analysis of the effect of municipal sweeping on runoff 
quality will be performed using both statistical procedures and the simu­
lation model Q-ILLUDAS. 
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SECTION 1 
INTRODUCTION 
SCOPE OF REPORT 
This report covers Phase I of the project from June 1, 1979 to July 31, 
1980. During that period of time, the primary activities included site 
selection, selection and purchase of equipment, installation of equipment, 
debugging of equipment and sample handling procedures, model modification, 
development of a data management system, data collection, and initiation of 
municipal street sweeping. Very little time has been available at this point 
for analysis of the data. Most of the data presented in this report is 
therefore in summary form and may be incomplete at this point. 
OBJECTIVE 
The primary objective of this project is to evaluate municipal street 
sweeping in its role as a management practice for the improvement of urban 
stormwater quality. Some goals of the project are: 
1. Relate the accumulation of street dirt to factors such as land 
use, traffic count, time, type of surface and condition of surface. 
2. Define the washoff of street dirt in terms of rainfall rate, flow 
rate, available material, particle size, slope and surface roughness. 
3. Determine what fraction of pollutants occurring in stormwater runoff 
may be attributed to atmospheric fallout. 
4. Modify the ILLUDAS model (1) to permit examination of the functions 
determined in objectives 1 through 3. 
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5. Calibrate the modified model on all instrumented basins. 
6. Identify sources of pollutants in the urban environment. 
7. Determine, if possible, the relationship between 
deposition and scour in the pipe system on runoff quality. 
8. Develop accurate production functions and corresponding 
cost functions for various levels of municipal street sweeping. 
METHODOLOGY 
Five small urban basins in close proximity to one another have been 
instrumented in the city of Champaign, Illinois, Figure 1. Data collected 
include continuous measurement of rainfall and runoff, chemical analysis 
of rainfall and runoff, chemical analysis of dry atmospheric fallout, accumu­
lation rate of street dirt, particle size distribution of street dirt and 
chemical analysis of street dirt. 
One of the five basins consists of about 0.1 acre of street area 
contributing to a single inlet and will be referred to as the micro-basin. 
Since no pipe flow is involved in this basin, data from it will be used 
to examine the washoff characteristics of surface flow. The exponential 
washoff functions used in most current models have been shown to be in­
adequate for accurate simulation of the washoff function (2). Two of the 
remaining four basins are similar in size and have a uniform land use 
consisting of single family residential. The final two basins are similar 
in size and consist primarily of heavily traveled 4-lane streets serving 
a commercial area. 
After an initial clean up by the city including sweeping and flushing 
of the streets and cleaning of catch basins, all basins were allowed to 
accumulate dirt without municipal sweeping while data collection took place. 
This accumulation period consisted of about 9 weeks in the fall and winter 
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of 1979 and 15 weeks in the spring and summer of 1980. The data collected 
during this period allowed for calibration of the QUAL-ILLUDAS model on 
all 5 basins without the complication of street sweeping. 
In July, 1980 the municipal street sweeping program began on one of 
the residential and one of the commercial basins. These two basins were 
designated as the experimental basins and were cleaned twice weekly by 
the municipal sweeper. The other residential and commercial basins were 
maintained without sweeping as the control basins. The micro-basin lies 
within the residential control basin and was not swept. Throughout the 
24 week control period and the municipal sweeping period street dirt 
sampling continued on all basins to monitor the accumulation of street 
dirt. 
A concurrent activity during the data collection period was the modifi­
cation of the ILLUDAS model to simulate washoff by particle size and runoff 
quality on a continuous basis. This version of the model will be known 
as Q-ILLUDAS. An earlier version known as QUAL-ILLUDAS (3) was used in the 
state-wide urban 208 studies in Illinois. Some of the results of these 
studies were presented by Terstriep et al. (4) in 1978. The QUAL-ILLUDAS 
model relied on exponential washoff and linear accumulation rates and is 
not considered adequate for this project. 
The actual evaluation of municipal street sweeping is accomplished by 
three independent techniques: 
1. Street dirt sampling before and after municipal sweeping provides 
a basin wide sweep or removal efficiency. Knowledge of the chemical 
composition of this street dirt permits calculation of the amount 
of pollutant removed. 
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2. Continuous simulation of the accumulation, sweeping, and washoff 
functions using a calibrated model. This is the most flexible 
method of evaluating sweeper performance in terms of water 
quality improvements. Specific pollutants can be considered 
as well as specific sweeping frequencies and efficiencies. 
3. Comparison of the chemical analyses of runoff from control 
versus experimental basins. This is the most direct method 
of relating sweeper performance to water quality. The 
validity of this method is improved by demonstrating the 
degree of similarity between the experimental and control 
basins with a model. 
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SECTION 2 
BACKGROUND ON THE PROJECT 
ADMINISTRATIVE BACKGROUND 
The 208 areawide planning effort provided by the Federal Water Pollution 
Control Act Amendments (P.L. 92-500) had only limited funding to address 
urban runoff problems. In recognition of the lack of information made avail­
able by 208 urban runoff programs, the Clean Water Act of 1977 (P.L. 92-217) 
targeted urban runoff as a major water quality problem area for study. 
In October 1978 the Illinois Environmental Protection Agency (IEPA) 
proposed to the U. S. Environmental Protection Agency (USEPA) to conduct 
a three-year project for the determination of the effectiveness of municipal 
street sweeping as an urban runoff pollution control measure and as a Best 
Management Practice (BMP), (5). This project was accepted as part of the USEPA's 
Nationwide Urban Runoff Program (NURP). The project was to be conducted 
in three consecutive twelve-month phases, commencing January 1, 1979. 
However, a series of delays forced postponement of the starting data and 
revision of the work plan. The planned duration of the project was cut 
to 34 months, with the first phase beginning June 1, 1979, and the third 
phase ending March 31, 1982. The data collection, data analysis, and modeling 
efforts of the study are under contract with the Illinois State Water Survey 
(ISWS). Although the work plan has been changed since the original proposal 
was accepted, the main objective and the plan for achieving it remain 
essentially the same. 
PURPOSE 
The purposes of IEPA's proposed project are to evaluate the effective­
ness of municipal street sweeping in reducing urban storm runoff pollution 
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and to examine some of the assumptions used in the development of water 
quality management plans for non-designated urban areas under the 208 
program. IEPA's goal is to use these findings in updating and supporting 
the recommended plans for urban stormwater management. IEPA believes these 
efforts will improve the chances of acceptance and implementation of the 
plans. The urban storm water plan for Champaign-Urbana contained the 
following recommendation relating to street sweeping: 
An optimization criteria for current streetsweeping practices should 
be developed. The criteria should consist of a simple methodology 
to design a street cleaning program based on existing capability of 
the community that will maximize reduction of pollutants in urban 
runoff. After the final criteria is developed, technical assistance 
should be provided to the eight study areas and other interested 
parties. Participation in the Nationwide Urban Runoff Program 
should provide a further assessment of the effectiveness of street 
sweeping. Optimization of street sweeping programs is expected to 
protect the water quality in the interim until additional efforts 
to control pollution from urban runoff are justified. 
STUDY AREA 
Champaign, Illinois is part of the Champaign-Urbana SMSA and is located 
in East Central Illinois, Figure 1. It was chosen as the location for this 
project for several reasons. It was one of eight cities studied in detail 
as part of Illinois's state-wide urban 208 program. For this reason a 
208 plan which recommends street sweeping as a BMP exists for the city. 
Three of the five basins instrumented for this study lie within the Bone-
yard Creek Basin. Boneyard Creek was one of the monitored streams in the 
Champaign-Urbana 208 study. Public participation in the 208 study indi­
cated a high level of public interest in this community. Two final reasons 
-6-
Figure 1. General location of study area 
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for selection of Champaign are that separate sewer systems serve the entire 
community and that Illinois State Water Survey is located in Champaign. 
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SECTION 3 
SITE SELECTION AND INSTRUMENTATION 
SITE SELECTION 
The proposal (5) by IEPA to USEPA for this project contained a section 
describing the planned layout of study areas and sampling installations. 
Upon the advice of some of USEPA's Headquarters Consultants who reviewed 
the proposal, and after reviews of work by Pitt (6) and a related proposal 
for the Milwaukee NURP (7), the original criteria for site selection were 
modified. The guidelines which were used are summarized below. 
At least two and possibly three basins were to be selected. Each was 
to have the following characteristics: drainage area of 40-150 acres; 
separate sewers, with no cross-connections or illegal discharges; one 
distinct land use; streets of uniform types of surface with curbs and 
gutters, all in good condition; and sufficient surface grade to prevent 
deposition in gutters or sewers of material suspended in runoff. Pairs 
of selected basins were to be similar in size, topography, soil type, 
vegetative cover, land use, age and degree of development, total imper­
vious area, street type and condition, traffic pattern and volume, and 
parking. They were to be close geographically and to have no major con­
struction planned over the life of the study. The manholes selected as 
the sampling sites were to have single pipes in and out, with the same 
diameter (larger than 15 inches), with no change in flow direction, and 
with no other sewer or inlet flows entering. They were also to have 
proper configuration and general condition suitable for installation of 
flow metering and automatic sampling equipment. Finally, extension of 
electric power and telephone service to the sites had to be feasible. 
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The search for appropriate sites in Champaign-Urbana began with a map 
study. The cities are served by well-documented separate sanitary and storm 
sewer networks. Storm sewer maps were inspected to identify sites which 
appeared to meet the criteria for basin size, land use, and drainage con­
figuration. About 40 such sites were found in the cities and were scheduled 
for closer investigation in the field. 
The next step was a reconnaissance of the potential study basins, empha­
sizing surface characteristics. The main concern of this inspection was 
the condition of street surfaces, curbs, and gutters. It also permitted 
confirmation of the type and uniformity of land use, verification of sur­
face grades and drainage divides estimated from topographic maps, and posi­
tive location of inlets and manholes, including some not shown on the maps. 
About 30 of the sites were dropped from consideration after this step. The 
most common reasons for disqualification were lack of curbs and gutters, 
incidence of large portions of undesirable street surfaces such as brick or 
oil and chip, and low surface grade. Ten sites survived this step to under­
go further study. 
The third step was examination of the manholes at the potential sites 
to determine their suitability for runoff monitoring. This included a 
check of the sizes, composition, condition, and alignment of the pipes 
entering and leaving the manhole; an evaluation of any interfering flows 
from other sewers or inlets; and an assessment of the difficulty of extending 
electric power and telephone service to the site. If a site was found un­
suitable, nearby manholes along the same sewer were checked in an attempt 
to locate an acceptable site so that the basin could still be considered. It 
was difficult to find manholes with sewers flowing straight through without 
any other interfering flow entering from lateral sewers or inlets. 
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The result of this search was the identification of two nearly ideal 
basins in Champaign, numbered 4 and 5 on Figure 2. There are two 24-inch 
storm sewers running eastward in parallel along John Street just west of 
Prospect Avenue. One is located in the center of the street, the other in 
the parkway on the south side of the street. At Highland Avenue both 
sewers are accessible by manholes which have straight-through flow and no 
significant interference. The basins are adjacent portions of a homogeneous 
residential area of west central Champaign. The curbs and gutters and street 
surfaces are uniform and in good condition and have reasonable surface grades. 
A promising site for a micro-basin installation was found during inspec­
tion of the John Street South basin. The original proposal states that 
this is to be a controlled paved area of about 0.1 acre draining to a catch 
basin or inlet modified to hold full instrumentation for flow measurement 
and sampling. The results of monitoring runoff at such a site are to be 
used in improving representation of washoff of street dirt. The inlet 
which appears satisfactory is located at the northwest corner of the in­
tersection of Daniel and James Streets and is numbered 3 on Figure 2. 
During the field check, two additional basins were identified which 
showed great promise. The sampling sites are on Mattis Avenue at White 
Street and Sheridan Road and the basins are numbered 1 and 2, respectively, 
on Figure 2. The areas draining to these points each contain about 0.5 
mile of four-lane street which is subject to much heavier traffic than re­
sidential character of the John Street areas. The storm sewer configuration 
at these sites is ideal for flow monitoring. When ISWS suggested that it 
would enhance the study to monitor a second pair of basins with different 
land use and traffic characteristics than were found in the John Street areas, 
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IEPA agreed and expanded the work plan to allow for the additional equipment 
and sampling effort required. 
Inquiries were next made to Illinois Power Company and Illinois Bell 
Telephone Company about the feasibility of extending electric power and 
telephone service to the recommended sites. Power requirements were esti­
mated at a maximum of 28 amps of 120-volt current for operation of each 
sampling and monitoring station. A dedicated telephone line was required 
for the telemetry system which will be described below. For all proposed 
sites the companies indicated that the necessary service could be supplied 
but that they would not be responsible for running underground lines from 
poles to the sites. 
The City of Champaign was aware of the site selection process and were 
presented with the site selections. The Director of Public Works and the 
City Engineer were receptive to the plan of study as outlined by ISWS. They 
found no fault with the selection of the five sites and foresaw no major 
problems with installation of monitoring equipment; in fact, they made 
many helpful suggestions which were incorporated during installation. 
Cooperation of the Public Works Department of the City of Champaign was 
critical to the success of this project. They were, therefore, brought 
into the planning process early in the project and kept informed of our 
site selection progress. It was necessary to attach parts of the monitoring 
equipment to city storm sewers and to install the bulk of the equipment 
on city street right-of-way. The city cooperated fully in authorizing the 
use of city property. The City Council's quick approval of the requests 
and the later involvement of the Public Works Department contributed greatly 
to the success of the project. The City Engineer's office evaluated all 
sites with regard to line of sight interference with traffic and other poten­
tial conflicts with city uses. 
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COMPARISON OF PHYSICAL BASIN PARAMETERS 
Table 1 contains physical parameters of the study basins determined 
for comparisons of similarity of the basin pairs. The total drainage areas 
contributing to runoff at the sampling points are given first. The percen­
tages of the total areas which belong in three major categories follow. 
Directly connected impervious area represents all streets, sidewalks, drive­
ways, rooftops, and parking areas from which runoff travels to the drainage 
system without crossing any pervious areas. Supplemental impervious area 
is the remainder of the impervious area in the basin, from which runoff may 
only reach the drainage system by flowing across lawns or other pervious 
surfaces. Grassed area refers to all pervious areas in the basin, including 
lawns, gardens, and parks. The values for percent roadway, lane miles, and 
curb miles identify in terms of area and length the portion of each basin 
given over to streets, curbs, and gutters. The roadway areas range from 13 
to 26 percent of the total basin areas and in all cases constitute large parts 
of the directly connected impervious areas. Basin slope values are based on 
the longest flow path in each basin. The fall in elevation and length of the 
complete path is used for calculating total basin slope. The second slope 
value is calculated from the fall and length of the same path between points 
15 percent and 85 percent of the total length upstream from the outlet. 
Figures 3 and 4 illustrate the commercial land use and dominant street 
area in the Mattis North and Mattis South basins respectively. It can be 
readily seen that the Mattis Avenue basins are far from being similar in 
the parameters tabulated in Table 1. Their selection was based on physical 
similarities that are not easily tabulated, such as the fact that both 
basins contain approximately two lane miles of high-traffic volume roadway, 
both have been re-sewered in the past ten to fifteen years with no apparent 
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hydraulic problems, and both have a good mix of both commuter and commercial 
traffic. 
Figures 5 and 6 illustrate the uniform single family land use that 
exists in the John Street North and South Basins as well as the micro-basin. 
The two John Street basins are a well matched pair, with the exception of 
overall basin slope. The micro-basin is representative of both basins. 
The traffic in both basins is basically local residential and commuter, 
with John North containing the more highly traveled commuter thoroughfares. 
There are hydraulic problems creating local flooding in both basins, parti­
cularly in John South, where there is a rather large problem due to under­
sized pipes. Cumputer simulation will be used to determine the degree of 
hydraulic similarity of both pairs of basins. 
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TABLE 1. Comparison of Physical Basin Parameters 
Mattis Mattis John John Micro 
Parameters North South North South Basin 
Total Area (acres) 16.7 27.6 54.5 39.1 0.76 
Directly Connected 
Imperv. Area (% of Total) 58.0 37.0 18.5 17.5 18.0 
Roadway (% of Total) 26 21 14 13.4 15 
Lane Miles 2.70 3.21 4.79 3.36 0.07 
Curb Miles 1.15 1.33 4.79 3.36 0.07 
Supplemental 
Imperv. Area (% of Total) 3 14 14.5 14.7 18 
Grassed Area (% of Total) 39 49 67 67.8 64 
Basin Slope (% of Total) .54 1.2 .67 1.31 1.75 
Fall (ft) 17.5 29.8 21.9 33.3 6.1 
Length (ft) 3255 2480 3260 2535 350 
Slope 15-85 (% of Total) .51 1.27 .69 1.52 
Fall (ft) 11.6 22 15.9 26.9 
Length (ft) 2280 1735 2285 1775 
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Figure 3. Basin No. 1 - Mattis Avenue North 
-17-
Figure 4. Basin No. 2 - Mattis Avenue South 
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Figure 5. Basin No. 5 - John Street North 
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Figure 6. Basin No. 4 - John Street South 
Basin No. 3 - Micro-Basin 
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EQUIPMENT SELECTION 
In this section all of the major equipment items necessary to collect 
the data required for this project will be described. In general, flow 
measurement and sampler control at all five basins and raingages at three 
locations are tied into a telemetry system. In addition to the equipment 
purchased for this project, three wet-dry samplers and one recording 
raingage are on loan from ISWS. Other equipment described is for use in 
the street dirt sampling and sieving process. 
Telemetry Network 
A decision was made at the time that the original proposal was written 
to utilize telemetry in the data collection network. The heart of a tele­
metry network is a mini-computer with a typewriter style keyboard for in­
put, a printer for output, and magnetic storage on cassette tape or floppy 
disk. These items can all be placed on a desk top in a convenient location 
and are referred to as the central or central station. The central station 
is connected by leased phone lines to one or more remote stations. A 
remote station is an electrical device that can receive signals from rain-
gages, depth sensors or temperature sensors and communicate these signals 
back to the central. The remote station can also start up electrical 
devices such as pumps or motors on command from the central. The remote 
station must be wired directly to the devices with which it communicates 
or which it controls. For this reason the remote station is usually 
located within a few hundred feet of these various devices. 
Some advantages of a telemetry system in this kind of a project are: 
1. All raingages, depth sensors and samplers operate on a single 
clock located in the central station. Synchronization of data 
is automatic and precise. 
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2. Data is recorded directly into magnetic storage eliminating the 
chart reading operation. 
3. Status checks of the instruments are made automatically every 
60 minutes, 24 hours a day. The system can also be checked 
or operated from the office. This helps to avoid instrumenta­
tion being down when an event occurs. 
4. Event simulations can be compared with observed values after 
an event has occurred. 
5. Additional cost of equipment is offset by reduction in manpower. 
Disadvantages include the reliance upon a number of manufacturers for 
pieces of equipment that must interface electrically with each other. A 
further disadvantage is the necessity for a highly skilled individual 
to setup, program, and trouble-shoot the system. 
Central Station--
1. Computer - Heath H-11A with 32K RAM, a real time clock, and BASIC 
language compiler. 
2. Input/Output - A Texas Instruments model 745 hard copy data 
terminal. 
3. Storage - Heath dual floppy disk system with controller and 
operating system. Each standard 8 inch disk contains 256 K 
bytes of storages. 
4. Interface - EMR Recon II Number 3283 from Sangamo Weston. 
This is a device capable of receiving phone line signals from 
and transmitting signals to a remote station. 
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Remote Station--
Recon II remote from Sangamo Weston, a device capable of receiving 
hard wire signals with at least 8 separate addresses of the following 
types: 
1. Status/Alarm: 8 Status/Alarm inputs for relay closure. 
2. Analog: 6 points, 0 to 5V, 0-4ma, and 4-20 ma, 8 bit coding 
accuracy through the central station ± 0.5% or better. 
3. Control: 4 two-state or 8 unitary controls, contact closure 
rated at least 200 ma and 30 volts for 200 ms. 
4. Pulse Accumulator: accepts one tipping bucket raingage signal 
and provides accumulation of up to 255 pulses before reset -
capable of interrogation at anytime without affecting count -
two registers to prevent overflow. 
Four of these remote stations were required to provide communication with 
all of the raingages, depth sensors and samplers in the network. A 
schematic of the telemetry system including the samplers, raingages, and 
bubblers described below is shown in Figure 7. 
Bubbler (Flow Measurement)--
Flow measurement is accomplished by measuring depth of flow approaching 
a control section. The control section can be created by installation of 
a partial restriction to flow in the pipes or can occur at a free overfall 
section. Both of these methods are utilized and are described under in­
stallation of equipment. The device selected to measure depth is the Sigma-
motor LMS-300 level recorder. It operates on 110 volt AC, has its own 
compressor and has an accuracy of ± 1% or better in an operating range of 
0 to 3 feet of head. The bubbler outputs a 4-20 ma signal to the telemetry 
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Figure 7. Schematic diagram of telemetry system 
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remote. The signal is proportional to the pressure required to force 
a bubble of air through an orifice located at the invert of the storm 
sewer. That pressure is in turn proportional to the depth of flow over 
the orifice. The LMS-300 is also equipped with a small chart recorder 
which is used for backup and to check the instrument's performance in 
the field. 
Automatic Sampler--
The automatic sampler must be able to withdraw a sample of water from 
the storm sewer on command from the remote station and store this sample 
of water in a refrigerator until it can be picked up and transported to 
the laboratory. The unit used in this study is the Sigma-motor 6301 
refrigerated sampler. Upon receiving a signal to take a sample the 3/8 
inch suction line is air purged, a sample is pumped, the line is purged 
again, and the sampler positions itself for the next sample. Samples are 
limited to 24 500 ml bottles. A peristaltic pump is used so that the sample 
only contacts the Tygon tubing and the latex tubing used in the suction line. 
Equipment Shelter--
At each of the sampling points the remote station, one or more 
bubblers, and the automatic sampling device are housed in a two-door 
fiberglass shelter approximately 4 feet square and 4.5 feet tall. A 
typical installation is shown in Figure 8. The shelter is a Western 
Power Products Model 42-2. It has one inch of foam insulation and a 
thermostatically controlled exhaust fan for temperature control; in the 
summer. 
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Figure 8. Typical above ground installation 
Figure 9. Wet-Dry fallout sampler 
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Raingage--
Three Weather Measure P-501 tipping bucket raingages are part of the 
telemetry network. The 8 inch diameter collector funnels the rainwater 
to a dual cup device that holds 0.01 inch of water. As one of these 
cups fills the device tips to empty one cup and begin filling the other 
cup. The tip causes a switch closure which is transmitted to an accumulator 
in the remote as 0.01 inch of rain. 
Wet-Dry Fallout--
These devices shown in Figure 9 were produced by and are on loan 
from the ISWS. Similar devices are available commercially. Two plastic 
buckets are installed on a frame about one meter above the ground. A 
lid covers one of these buckets and exposes the other to dry fallout. 
A sensor on the lid detects rain and the lid moves to cover the dry 
fallout bucket and expose the other bucket to catch a rainfall sample. 
After rainfall ceases the lid again moves and exposes the dry fallout 
bucket. 
Street Dirt Sampling Equipment 
Samples of street dirt are collected by running a shop type vacuum 
cleaner over selected strips of pavement from curb to curb. This procedure 
requires a vacuum, a generator, and a vehicle to move this equipment from 
site to site. Additional equipment is required for sieve analysis of the 
sample upon returning to the lab. 
Vacuum--
A Hild Model 730 Industrial Vacuum consisting of a 30 gallon stainless 
steel tank, a 2.3 hp motor, 20 ft of 2 inch vinyl hose, a 4 foot aluminum 
wand with a 12 inch floor tool and a dynel cloth filter (cotton/nylon blend). 
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Generator--
A Lincoln Model K-1282 Welder-Generator with a Kohler Model K-241P 
10 hp engine rated at 4500 watts AC. 
Truck--
The Vacuum and Generator are mounted in a 1980 Dodge Van equipped 
with a yellow strobe light for safety. 
Sieving--
Stainless Steel sieves by W.S. Tyler are used on a Combs Type 
HL Gyratory Sifting Machine. It is made by Great Western Manufacturing 
Co. and is equipped with a 1/6 hp motor. 
INSTALLATION 
A number of constraints were involved in the installation of equipment 
for this project. Each of the five sampling points shown in Figure 2 re­
quired power and four of the five required telephone service for the remote 
telemetry. The power company required individual meters for each site and 
required these meters on poles owned by the project. Since each of the 
shelters was to be served underground by power and phone to avoid additional 
clutter around the site, both overhead and underground wiring was involved 
at each site. Wiring also had to meet city codes and was therefore sublet 
to a private contractor. Additional constraints were imposed on the loca­
tion of instrument shelters. Site selection had shown that there were 
very limited opportunities for flow measurement. The shelters had to be 
located within 50 feet of these specific flow measuring sites and also had 
to be located on street right-of-way. Gare was taken not to block 
vision at intersections or from private driveways. Locations also had to 
receive the general approval of adjacent land owners. 
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Some means had to be available to route the bubbler line and sampler 
vacuum line from the shelter to the sampling point within the storm sewer. 
This was normally achieved by entering the back side of a curb and gutter 
inlet and routing the tubing through the existing pipe connecting the 
inlet to the manhole. 
Location of sites for raingage installation was also difficult. Good 
exposure for raingages was difficult because of the number of trees and 
shrubs planted in this older residential area. Three of the four rain-
gages are part of the telemetry network and, therefore, had to be hard­
wired to the remote units. The following sections describe the installa­
tions in more detail. Figure 8 shows a typical above ground installation. 
Sites 1 and 2 
Figure 10 shows the type of underground installation used for both 
sites 1 and 2. The free overfall available at these sites was utilized in 
lieu of a restrictive section to create critical depth. A single bubbler 
located at least three diameters above the free overfall is used to deter­
mine the normal depth. A float switch located at the invert elevation in 
the manhole is used to indicate submergence of the free overfall. Sub­
mergence of the overfall would invalidate measurements at these sites. 
Site 1 also includes a weighing type raingage that is not connected to the 
telemetry network. The raingage is located adjacent to wet-dry and bulk 
rainfall samplers on private property as indicated in Figure 2. Site 2 
includes a raingage located about 8 feet above ground level on the street 
right-of-way and wet-dry fallout and bulk rainfall samplers on private 
property. 
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Figure 10. Underground installation at Sites 1 and 2 
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Sites 4 and 5 
The underground installations for sites 4 and 5 are similar and are 
shown in Figure 11. A modified asymmetric flume described by Wenzel (8) 
was selected for these sites. The asymmetric flume creates a restricted 
section which provides critical depth at less than full flow and acts 
as a Venturi section during pressure flow. The flume was constructed by 
bolting ¼ inch aluminum plate to the storm sewer side wall. Rating for 
the pressure flow condition requires bubblers upstream from the transition 
section and in the center of the restricted section. The asymmetric flume 
has the advantage of an unrestricted invert and has proved to be self-
cleaning. Associated with sites 4 and 5 are a telemetered raingage and 
wet-dry fallout and bulk rainfall sampler located on private property. 
Site 3 
Flow measurement and sampling at this site is required at a combination 
curb and gutter inlet. Figure 12 shows the configuration of this site. The 
inlet was badly deteriorated and was completely rebuilt for purposes of 
flow measurement. The inlet was reformed by the City and an 8-inch concrete 
pipe installed by ISWS between the inlet and adjacent manhole. Prior to 
installation a bubbler orifice was installed in the concrete pipe approxi­
mately 30 inches upstream from the free overfall. The sampler intake tube 
is located at the mouth of the concrete pipe near the bottom of the inlet. 
A telemetered raingage located 8 feet above ground level on the street 
right-of-way is associated with this site. 
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Figure 11. Underground installation at Sites 4 and 5 
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TYPES OF DATA 
Two major data collection efforts have been conducted during the first 
phase of the project. In wet weather, rainfall over the entire area and 
storm runoff from the study basins were monitored and recorded, and samples 
of runoff were taken for water quality analyses. In dry weather, samples 
of street dirt were collected in all basins for determination of the load, 
particle size distribution, and constituent concentrations of the accumu­
lated street surface material in each basin. Atmospheric fallout samples 
were collected through both wet and dry periods. 
METHODOLOGY 
Runoff Event Monitoring 
The automatic data collection system for monitoring runoff events was 
operated constantly except for short periods in dry days when the Heath 
H11A computer was required for other tasks, such as data manipulation 
and field equipment status checks. The operation of the system produced 
a continuous record of precipitation of three rain gages and depths of 
flow at the five sampling points in the study areas. Precipitation data 
were reported in increments of 0.01 inch; depth of flow data were reported 
in units of 0.01 foot for seven locations, two each at Sites 4 and 5. These 
data were obtained at one minute intervals. The precipitation record was 
supplemented by data from two recording rain gages, one an ISWS gage in­
stalled at the home of a cooperator near Site 1, the other a U.S. Weather 
Bureau gage at Urbana Morrow Plots on the campus of the University of 
Illinois. The charts from the ISWS gage were read to the nearest 0.01 inch 
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at five minute intervals; the charts from the Weather Bureau gage were 
read to the nearest 0.01 inch at fifteen minute intervals. 
The computer program RUNOFF was used by the Heath H11A computer to 
monitor the automatic equipment in the study areas, to control the samplers 
during runoff events, and to store event data reported by the telemetry 
network. The original version of RUNOFF was completed in November 1979. 
Many improvements have been made since then, but the current version per­
forms the monitor and control functions in fundamentally the same way as 
did the original. The chief improvements have been made to the routines 
for storage and manipulation of event information. Figure 13 is a 
simplified flow chart of the monitor and control functions. 
There are two modes of operation in RUNOFF, called WAIT and EVENT. 
When the system is activated and monitoring is begun, the WAIT mode 
is in control. After printing to the terminal the depths at the moment 
of startup at the seven depth monitoring points in the study area, the 
program checks the pulse accumulators connected to the tipping bucket rain-
gages at Sites 2, 3, and 4. If the accumulators show no indication of 
precipitation, the program waits for one minute and repeats the check of 
the accumulators. As long as there is no evidence of precipitation, the 
program will continue checking the raingage accumulators every minute and 
printing the depths at the monitoring points every 60 minutes from the 
start time. None of the data printed during the WAIT mode is written to 
disk storage. 
If there is a tip of a raingage bucket registered at any one of the 
Sites 2, 3, and 4, control is shifted from WAIT to EVENT mode. Under this 
control the one-minute interrogation of the remote stations continues, with 
five-minute summaries of rainfall and depth of flow being printed. The five 
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Figure 13. Flow chart of program RUNOFF 
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automatic samplers are instructed to sample at five-minute intervals when 
the depths of flow submerge the sampler intakes. The one-minute data 
obtained by the telemetry system, including precipitation accumulation, 
depth of flow, and current sample number for each site, are written to 
disk storage and saved. If an event lasts long enough to exhaust the 
24-sample capacity of a sampler, fresh bottles may be installed and the 
sample number counter reset by the field crew. An event is considered 
over and EVENT mode terminates when no additional bucket tips have re­
gistered at any raingage for 30 minutes and the upstream depth at Site 4, 
the outlet of the slowest draining sewer network found in the four study 
areas, has dropped below 0.33 foot. At this moment the raingage accumu­
lators are reset to zero and monitoring control is returned to the WAIT 
mode. To avoid confusion in sample identification, the sample numbers 
corresponding to each automatic sampler are preserved until the telemetry 
system is shut down or the individual sites are reset. An entry is made 
into the table of contents on the data disk which identifies the event just 
completed by its start date, start time, and number of records. 
Runoff Event Sampling 
During a storm event, a sampling instruction from the system monitor 
to a site caused the sampler there to purge its intake line, pump a sample, 
and purge the intake again. The volume of discrete sample which could be 
obtained was limited by the 500-ml capacity of the sampler bottles. The 
timing of the sampling cycle at each site was set to allow sample volumes 
of 450-480 ml to be collected. Overfilling the bottles could cause an 
excess of suspended solids to accumulate in the bottle resulting in a non-
representative sample. Discrete samples were collected at five minute 
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intervals at all sites to document the change in constituent concentration 
throughout the storm event. 
During and after storm events the sampling sites were visited by field 
personnel to observe performance of the samplers, collect runoff samples, 
and reset the system. The runoff samples were marked for identification 
and packed in ice for return to ISWS offices. There the records of the 
events were examined to aid in selection of samples to keep for analysis. 
Contents of the chosen sampler bottles were transferred immediately into 
laboratory-supplied sample bottles containing appropriate preservatives. 
They were then refrigerated and delivered to the IEPA laboratory along 
with requests for analyses. For samples in which concentrations of 
dissolved constituents were desired, in addition to the total concentrations 
normally requested, ISWS performed the filtrations as soon as possible after 
the samples were collected from the field. This was done to prevent any 
change in concentrations due to possible extended holding times before 
filtration in the lab. 
The approach taken in selecting discrete samples for analysis was to 
represent the event at the site as well as possible with six to eight 
samples. As a general rule, for each site the samples taken first in the 
set and nearest to the peak runoff rate were kept. If they were separated 
by at least three sampling intervals, one or more of the intervening samples 
would also be kept. Two or more samples from the period between the peak 
flow and the end of the event were selected at wider time intervals, depending 
on the duration and flow pattern in the remainder of the event. Sample 
volume limitations did not permit analysis of a single discrete sample for 
all constituents of interest. For any event, the same analyses were requested 
from all samples kept from both sites in a pair of basins. The decision on 
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analyses to be requested for samples from a pair of basins was based on the 
type of event, the condition of the samples, the expectation of the runoff 
quality from the basins, and the requests for samples from previous storms. 
Occasionally some of the remaining samples were kept, and sometimes combined, 
for analysis of constituents not included in the routine sampling. 
The proposal for this project called for discrete sampling early in 
the project to be gradually replaced with composite sampling. Discrete 
sampling has, in fact, continued throughout Phase I. This has been done for 
the following reasons: 
1. Automatic collection of composite samples with the Sigma-motor 
samplers assumes that equal volumes of sample will be withdrawn 
from the flow at each signal to the sampler. It was found that the 
actual sample volumes could vary by 10 to 20 percent throughout 
the duration of an event. A partially clogged sampler intake can 
cause even larger variability. Because of these uncertainties, 
automatic composite sampling has not been initiated. 
2. Manual compositing from discrete samples is an alternative but 
was not started due to delays in receiving a reliable flow 
splitting device. The flow splitter is now in hand and will be 
used to supplement discrete sampling throughout the remainder 
of the study. The small sample size (450-500 ml) makes this 
procedure somewhat impractical. 
3. Confidence in calibration of Q-ILLUDAS has not reached the point 
that discrete sampling can be abandoned. The model must be able 
to simulate the rapidly changing concentrations of constituents 
early in an event as well as the total load of material during 
the entire event. 
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Fallout Sampling 
Atmospheric fallout sampling was performed through most of the first 
phase at Sites 1,2 and 4. Separate wet and dry fallout samples were 
collected in plastic buckets placed in a device which covers one bucket 
and exposes the other to the atmosphere during dry periods and reverses 
the protection and exposure during wet weather. In April, bulk precipi­
tation collectors were added to the sites. These hold unprotected sample 
buckets which collect both dry and wet fallout in one container as long 
as they are exposed. After storm events, these samples were gathered at 
the same time as the runoff samples and transported without treatment to 
the laboratory where they were analyzed for many of the same constituents 
as the runoff samples. 
Street Dirt Sampling 
Experimental Design--
The continuing measurement of street dirt loads in the study basins was 
based on experimental design sampling conducted in September and December, 
1979 and April, 1980. In these efforts, individual samples of street surface 
material were collected from each block in a basin on one day. The samples 
were weighed and sieved to determine the distribution of soil load in the 
basins and the particle size distribution of the soil. Additional samples 
were collected at some sites to help in the determination of load distri­
bution and local variability. Information about the street type, condi­
tion, and slope was also recorded for each sampling location. These data 
were used to group the streets of each basin according to the variability 
in loading which they displayed. Production sampling was then carried out 
in each basin to provide the best possible estimate of the total basin load 
on a sampling day. 
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Production Sampling--
From May 5, 1980 street dirt production sampling for total basin load 
calculation was performed twice per week in each basin if rain did not 
interfere. The field crew customarily sampled the John North and Mattis 
South basins one day and the John South and Mattis North basins the next. 
One sample was collected to represent the load on a group of streets; the 
sample was made up of subsamples taken from numerous locations on all the 
streets of a group. A subsample consisted of three passes of the vacuum 
across a street from curb to curb, or centerline to curb across two lanes 
of traffic for the Mattis basins. As many as 14 subsamples were composited 
into one sample to represent a group of streets. When the proper number of 
subsamples had been collected, the sample was brushed out of the vacuum 
canister into a plastic bag which was then marked and sealed. The gross 
weights of the samples were determined in the office at the end of the 
sampling day and the results used to estimate total basin loads for the day. 
-42-
Particle Size Determination--
Over periods of several weeks numerous samples from each group of 
streets in each basin were collected. The particle size distribution 
of the material in every sample was determined by passing a represen­
tative portion of the sample through a set of stainless steel sieves 
of decreasing mesh size and measuring the amount retained on each sieve. 
The fractions were then combined with similar size fractions of previous 
samples from the same street group and held for lab determinations of 
constituent concentrations in the dry solids. 
The first set of sieves used in particle size determinations for this 
project had mesh sizes as follows: 6370μ, 2000μ, 850μ, 600μ, 250μ, 106μ, 
45μ, and pan. Before sieving, a sample was divided into successively smaller 
portions until a test sample weighing 150-200 g was obtained. This portion 
of the original was placed in the uppermost sieve and the entire set was 
clamped into the gyratory sieve shaker which was then run for two minutes. 
The amount of material retained on each sieve was then weighed and placed 
into a bag containing material of the same size from previous samples 
taken from the same study area. When several samples from every study 
area had been broken down and composited, the fractions were taken to the 
IEPA lab for analysis. Constituent levels in units of mg/kg dry solid 
were to be determined for each composite. The constituents sought were 
those found frequently in runoff samples from the same areas. 
Two sets of street dirt samples separated and composited by particle 
size were taken to the lab during Phase I. The first set represented the 
production samples gathered from May 5 to May 27, and the second set of 
samples from May 29 to June 26. After this set was finished it was agreed 
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by ISWS and IEPA to follow the USGS/EPA revised Technical Coordination Plan 
guidelines by changing to a different set of sieves for particle size 
analysis. The new set had mesh sizes as follows: 2000μ, 1000μ, 500μ, 250μ, 
125μ, 63μ, and pan. This set has been used ever since the second group of 
samples was completed. 
Sample Analysis 
The set of constituents for which storm runoff samples were analyzed 
was taken from the list in Table 2. This list was a combination of two 
sources. The first source was the list from IEPA's original proposal to 
USEPA for a NURP grant and was based on the general use water quality 
standards of the Illinois Pollution Control Board and on sampling results 
from the water quality management planning studies conducted by IEPA. The 
second source was the list of constituents recommended in the USGS/EPA 
Technical Coordination Plan for sampling programs to be conducted as part 
of NURP. The list in Table 2 represents the maximum number of analyses 
that might be requested for any sample. 
During the runoff sampling program in Phase I some types of analyses 
were requested frequently while others were requested only rarely or not 
at all. This was due partly to the 500 ml maximum volume of the discrete 
samples, which was not sufficient sample for some analyses, and partly to 
the fact that automatic sampling is not an appropriate sample collection 
technique for some analyses. Manual samples could have been collected in 
conjunction with the automatic sampling, bypassing the problems of limited 
volume and collection method at the same time. Only a small amount of 
manual sampling was done, and that was in equipment evaluation rather than 
true runoff quality data collection. Automatic collection of single 
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TABLE 2. Maximum Constituent List 
for Stormwater and Street Dirt Samples 
Total Suspended Solids 
Particle Size Determination 
Total Dissolved Solids 
pH 
Specific Conductance 
Nitrate plus Nitrite (as N) Dissolved, Total 
Ammonia Nitrogen (as N) Dissolved, Total 
Kjeldahl Nitrogen (as N) Dissolved, Total 








Organic Carbon (as C) Dissolved, Total 
Chemical Oxygen Demand 
Biochemical Oxygen Demand 5-Day, Ultimate (20-50 Day) 
Fecal Coliform Bacteria 






Other special constituents: PCBs, Pesticides, Oil and Grease 
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discrete samples and analysis for only part of the list of possible con­
stituents was emphasized since such an approach provided the most useful 
information for the purposes of the project. A list of the constituents 
which have been emphasized follows with some explanation: 
1. Total Suspended Solids and Total Dissolved Solids- Actually the 
analyses which have been run would more appropriately be termed 
Total Nonfilterable Residue and Total Filterable Residue, re­
spectively. These constituents relate best to the concept of 
basin loads of total solids accumulating during dry periods and 
washing off during storms. All other constituents are considered 
to be functionally related to total solids load in runoff. 
2. Total Metals (lead, copper, iron, chromium, cadmium, zinc) -
These are metals known or highly suspected of having strong 
associations with urban street dirt and urban runoff quality 
problems. 
3. Total Nutrients (Organic Carbon, Chemical Oxygen Demand, Ammonia, 
Nitrate-Nitrite, Kjeldahl Nitrogen, Phosphorus) - Analyses for 
these substances are expected to indicate quality problems in 
urban runoff, especially from residential areas. Other con­
stituents which have been determined frequently include dissolved 
metals, dissolved nutrients, sulfate, chloride, pH, specific con­
ductance, and total mercury. 
The rest of the constituents listed in Table 2 have been requested 
rarely if at all. The reasons for their neglect have been the relative 
difficulty of obtaining proper samples and uncertainty about the usefulness 
of the results. For example, the lack of requests for Biochemical Oxygen 
Demand determinations is partly offset by the frequency of requests for 
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other measures of organic and chemical loadings, TOC and COD, and partly 
by the questionable value of the BOD test as an indicator of urban runoff 
pollution. Similarly the determination of contamination of urban runoff 
as measured by tests for fecal bacteria seems less crucial in dealing 
with separate sewer flow than with combined sewer flow. Nevertheless as 
Phase II proceeds more manual sampling will be added to the overall samp­
ling program to provide some data regarding these neglected constituents. 
Coordination with Laboratory--
The IEPA laboratory in Champaign has performed all analytical work on 
samples of runoff, fallout, and street dirt from this project. Early in 
Phase I, meetings between ISWS and lab personnel were held to discuss 
the types of samples that would be collected and the analyses that were 
appropriate for each type. For runoff samples, the main concern was how 
the maximum volume of 500 ml in the automatic sampler bottles might limit 
the number of analyses available from any single discrete sample. The 
lab agreed to provide prepared sample bottles of smaller volume than is 
conventional so that ISWS would have more flexibility in handling samples 
and requesting analyses. 
General rules of sample handling, preservation, holding, and trans­
port were established, along with specific means of reporting results 
and accounting for samples. ISWS also provided test samples of fallout 
and street dirt to the lab for experimentation to determine the most 
appropriate analytical methods to be used on them. 
OPERATION OF CONTROL STRATEGY 
The project work plan called for municipal street sweeping of the 
experimental basins to start in July 1980, just before the end of Phase 
I. Planning meetings between ISWS and the Champaign Department of Public 
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Works were held in June and July to establish procedures and responsibilities 
for the sweeping programs. Municipal sweeping of the experimental areas 
began July 21, 1980, and will continue for the rest of the 1980 and all of 
the 1981 sampling seasons. 
Prior to the initiation of the municipal street sweeping program, all 
four study basins were deliberately left unswept for several weeks after 
a complete spring cleanup. This was done so that the fundamental char­
acteristics of accumulation, distribution, and removal by washoff of 
street dirt load in each basin could be determined. Not sweeping the 
basins permitted the observation of the basin loads approaching steady-
state conditions, where daily accumulation is balanced by daily removal 
due to traffic and wind. The maintenance of the unswept condition in the 
basin also offers the potential for the clearest identification of the 
effect of municipal sweeping on basin load and runoff quality. For that 
reason no sweeping is planned for the designated control basins during 
the remainder of the project except as is necessary to satisfy citizen 
complaints, to alleviate major nuisances, or to create conditions suitable 
for special sampling projects related to the aims of the study. 
The John North and Mattis South study areas were designated as experi­
mental basins for the start of the sweeping program. This allowed the moni­
toring of unswept conditions to be continued in the John South basin, 
which includes the micro-basin. Equipment problems at Site 3 and 4 had 
hampered the collection of event data during the first phase. The selection 
of John North and Mattis South also enabled the City to meet some obliga­
tions for bicycle path maintenance in these areas, which had been neglected 
through Phase I. 
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The first municipal street sweeping frequency selected for evaluation 
was twice per week. The experimental basins were swept each Monday and 
Thursday if nothing interfered. If rain or equipment failure prevented 
sweeping on a Monday, that week's schedule was shifted to Tuesday and 
Friday . If on subsequent days it was still impossible to sweep, the 
schedule shifted successively to Wednesday and Friday, Thursday and the 
following Monday, and finally Friday and the following Monday. According 
to current plans, additional sweeping frequencies of once per week and 
once per two weeks will be evaluated during Phases II and III. 
Before starting the municipal sweeping program, the city painted the 
curbs at the study area boundaries for easier identification of the turn­
around points by the sweeper operator. Once this was done, city staff 
members experienced in route design laid out an efficient route for the 
operator to follow in sweeping the experimental basins. This route was 
drawn on a map the operator carries with him in the sweeper. The city 
also delivered leaflets written by ISWS to the basin residents to explain 
the activities of the municipal sweeping and street dirt sampling crews 
and to describe the project simply. 
On a sweeping day, the entire length of curbed street in each experi­
mental basin was swept. The city was responsible for providing the following: 
1. Sweeper and operator 
2. Truck (for hauling sweeper material) and driver 
3. Weights of the gross load of material collected in each basin 
4. Samples of sweeper contents after completing each area 
5. Records of date of sweeping, time required per basin, operator 
and equipment identification, and truck load weights 
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6. Comments about conditions noted in the basins which might affect 
load measurements 
7. Maintenance and repair records for the sweeper 
The complete evaluation of the effect of a sweeping frequency will be 
determined by several means. Street dirt loads in the experimental basins 
before and after sweeping will be measured by ISWS sampling. Material con­
tained in the sweeper will be examined for size distribution and constituent 
concentrations by particle size groups. The quality of runoff from swept 
and unswept basins for the same events will be compared. Comparisons will 
also be made between the runoff quality from a swept basin for an event 
and that calculated by model simulation for the same event and basin, but 
with available loads on the basin estimated as if it had not been swept. 
After the effect of a sweeping frequency on runoff quality from a 
pair of experimental basins has been determined, the status of the study 
areas will be reversed. The same frequency of sweeping will be employed 
on the new experimental basins, formerly the control basins, to ascertain 
whether any bias was introduced to the evaluation due to the original 
assignment of basin designations. When both basins in each pair have 
served as experimental basins for one sweeping frequency, the frequency 
will be changed. 
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SECTION 5 
QUALITY ASSURANCE/QUALITY CONTROL 
EVENT DATA COLLECTION 
Monitoring devices purchased for this project were tested in the 
ISWS laboratory before installation at the sites. The water level 
recorders, or bubblers, were performance tested in both one-foot 
and five-foot ranges. Chart readings and electronic outputs were 
compared with true depths of water in a test cylinder. The results 
were plotted and correction factors calculated to convert the elec­
tronic signal from each unit to a true depth reading. After tests 
on all seven bubblers it was determined that every one needed factory 
adjustment to reduce the erratic behavior of the signal output cir­
cuit. The recorders were sent back to the manufacturer one at a time 
during the first phase for this modification. The bubblers were lab 
tested again after modification and before installation. 
The automatic samplers were also lab tested before being installed 
at the sites. Tests for the samplers included checks of sample distri­
butor performance, timing of pump and purge cycles, temperature control 
by internal thermostat, and estimates of timer settings required to fill 
bottles at each site. The pump time settings were estimated after tests 
of pump performance in the samplers showed what each could do with 
various vertical and horizontal lengths of intake line. 
During field installation further adjustments had to be made to 
equipment settings. The bubblers had to be zeroed again in the field 
because the lengths of air line differed at each site from the length 
of line used in the laboratory tests. . . 
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The sampler time settings also had to be modified at every 
site so that sample bottles might be filled as completely as possible 
without overflowing. 
Problems appeared quickly in the early operation of the system. 
The bubblers demonstrated drifting of the zero settings, especially 
with temperature and humidity changes, and pronounced tendencies for 
slowing or complete stopping of air flow. There were also occasional 
failures of the air pumps, pressure transducers, and output circuits, 
as well as slippage of internal air hose connections. The samplers 
also exhibited failures of the stepping motors in the distributors and 
responses to spurious noise signals which were interpreted as instruc­
tions to sample. 
The reaction to these problems was the development of a field 
maintenance program for the data collection system. Program tasks were 
carried out two to three times weekly during dry weather and immediately 
after storm events when the system was being reset. The goal was to 
identify and correct any problem of function in the system before it 
could interfere with proper monitoring of an event. 
Under the maintenance program the bubblers, samplers, fallout collec­
tors, rain gages, and in-pipe installations were checked at every site. 
The bubbler lines to the sewer flow monitoring points were blown out with 
compressed air to remove any material from the bubble orifice. The 
bubble rates were checked and set using a portable closed water column 
fabricated by ISWS. The electronic outputs and chart readings of the 
bubblers were checked against actual water depth in the sampling sites 
and adjustments were made if necessary. Internal connections of air 
lines were checked when the performance of the bubblers warranted it. 
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If air pumps had failed or previous monitoring had indicated sudden 
failures of units, they were brought back from the field for repeats 
of the laboratory tests and, when necessary, return to the manufacturer 
for repairs. The runoff samplers were checked by running test samples 
so that the functions of the pumps and distributors could be observed. 
The sampler intakes and bubbler orifices in the sewers were cleared of 
accumulated debris and sand every two weeks. The rainfall sensors of the 
wet/dry fallout collectors were cleaned weekly and the function of the 
cover-moving mechanism tested. The screens protecting the tipping bucket rain 
gage mechanism from entry of debris were cleaned every two weeks and 
the wires leading to the remote stations checked for vandalism. The 
clock on the recording rain gage was checked several times for accuracy 
and the weighing mechanism was recalibrated once in Phase I. 
Some tests of the data collection system remain to be done. Manually 
collected depth-integrated samples should be collected simultaneously 
with automatic samples at each site to evaluate the performance of the 
automatic sampler. Some of this was done late in Phase I but results 
were not available by the end of the study period. Tests of the 
theoretical rating curves for flow calculations at the sites must also 
be run. 
SAMPLE HANDLING 
The sample bottles in the automatic samplers are contained in a 
refrigerated unit, so the runoff samples were chilled to 40°F as soon 
as they were collected. The field crew visited the sites to retrieve 
samples within two hours of the end of an event. The sampler bottles 
were marked with identification numbers, logged on sheets of field notes, 
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and packed in ice for their return to ISWS offices. Notes and observations 
about conditions of the samples and sites were also made by the crew. As 
soon as the samples came in, the ones to be kept for analysis were selected 
and dispensed into laboratory sample bottles with their various preserva­
tives. A proportional sample splitter was not available during most of 
Phase I but is now used for transferring fractions of a sample to lab 
bottles. The samples were again refrigerated until delivery to the IEPA 
laboratory in Champaign. This was normally accomplished within four 
to six hours of the end of the event. One of the benefits of having the 
IEPA laboratory analyze the samples was that only a ten-minute drive 
separated ISWS offices, where the samplers were preserved, and IEPA lab. 
Strict accounts were kept of the samples used and analyses requested for 
each event. When results of analysis were returned the values were checked 
for reasonableness against others from that site and the other sites for 
the event and against records of previous events. The field notes con­
cerning the event were also examined for clues to reasons for unusual values. 
Any unlikely value with no apparent explanation for its occurrence was dis­
cussed with the laboratory personnel to determine whether there was any 
likelihood of error in analysis or reporting. Limited volumes of samples 
made reruns of questionable analyses impossible. 
LABORATORY PROCEDURES 
The IEPA laboratory in Champaign practices a quality control program 
in its handling and analysis of samples which was documented in March of 
1979 for inhouse use. The document was too lengthy for reproduction here 




Operation of the automatic data collection system under the direction 
of the computer program RUNOFF causes data to be written to two files on 
disk storage, RUNOFF.DAT and TOC.DAT. The first of these files contains 
raw data collected by the system during events. The file is made up of 
58 character records. Each record contains 1 minute of rainfall, depth of 
flow, station status, and the sample number retrieved by the system during 
an event. Identification of the separate events is made in the second 
file, where the start dates, times, and the durations of events are entered. 
Each disk is capable of holding about 60 hours of event data. 
After an event ends, the automatic data collection system is shut 
down while the new data on the disk are transmitted to the University of 
Illinois CYBER 175 computer. A program called SEND was written to enable 
the Heath computer to read the event information from the disk and transmit 
it to the CYBER. The data is permanently stored in a direct access file 
called RAWDAT and a companion file TOC. These files have the same format 
as their counterparts on the data disks. Printouts of the newly acquired 
one-minute data are used to assist in selection of water samples" from the 
event to keep for analysis. 
A comprehensive package of programs for data management and associated 
computer graphics were developed in Phase I. These were used to prepare 
the raw data for use in continuous simulation and in creation of event 
data files for individual sites. Programs READATA and MANAGE are used to 
separate the raw data from each event by site. Then event files are created 
for each site containing arrayed values of time, precipitation, flow, and 
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water quality constituents at one minute intervals. The time and precipi­
tation records are taken straight from the raw data. Flows are calculated 
from the depth records based on the rating curve at each site. The con­
stituent values are set to zero initially and are updated with real values 
as results of analysis are returned from the laboratory. 
Program MANAGE creates event files at user-specified start times and 
intervals for situations in which usable telemetered data are not avail­
able. This approach was used to generate files for the first five events 
recorded, before the disk data management routines were operational. It 
was also used in one instance when the telemetered data were lost and only 
the five-minute printout from the terminal and the recorder charts from 
field instruments were available. 
Further capabilities of MANAGE include the output of event file contents 
in tabular and graphical formats. Table 3 is an example of the tabular 
output of an event file created with a user-specified five-minute time step. 
The data in Table 3 are in units of mg/l for most constituents. The excep­
tions are mercury (ug/l), specific conductance (micromhos/cm), and pH 
(unitless). Rainfall is entered in units of inches and discharges in cubic 
feet per second. All integer values in any column except time should be 
multiplied by 10 raised to the exponent indicated at the bottom of the 
column to yield their true values. For example, the table value for iron 
corresponding to time 0105 is 1290 and the exponent for the column is -2; 
the correct value is 1290 x 10-2 = 12.9 mg/l. Examples of the graphical 
outputs of MANAGE are featured in Section 7, Q-ILLUDAS model simulation. 
More detailed information on MANAGE capabilities and outputs is found in 
Appendix A, User's Manual for Data Management Program, MANAGE. 
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When the results of sample analyses are returned from the laboratory to 
ISWS they are sorted by site, event, and sampling sequence and stored in 
notebooks. As soon as the event files are created, the corresponding 
runoff quality data are entered as updates to the files. The notebooks 
are kept as backup information, but all future inspection, manipulation, 
and analysis of the records of runoff events is done using the event 
files stored on the CYBER. 
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The major progress in Phase I was made in development of data collection 
and data management systems. Most of the analysis of collected data will be 
performed in Phase II. The following discussions and the set of tables in 
Appendix B summarize the information gathered in Phase I. 
RUNOFF EVENT DATA 
There were 26 storm runoff events for which samples were kept during 
Phase I. A total of 859 runoff samples were chosen from the thousands taken 
and about 7600 analyses were conducted on them by the lab. Another 88 samples 
of wet, dry and bulk fallout were collected in coordination with the event 
sampling. About 1150 analyses were performed on these. As laboratory results 
were received, they were reviewed, sorted and entered into summary tables 
and event files as described in Section 6. Altogether 156 event files were 
created, updated with sample results, and output in tabular format for 
checking and storage. The number of event files created was larger than 
might be expected because extra files had to be made to represent the complete 
time record when more than four hours' data were associated with one event. 
Table 4 is a summary of some of the characteristics of the events monitored: 
date of event, start and end times of precipitation, end time of runoff, 
total precipitation, peak flow at each site (unless flow measurement was not 
working correctly at a site), and number of runoff and fallout samples kept. 
Appendix B contains summaries by site and event of the minimum and maximum 
concentrations of water quality constituents determined from the samples. 
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Table 4. Summary of Storm Events Monitored 
* Free overfall control flooded out during event 
† Composite sample 
Precipitation charts from the recording rain gages at Site 1 and Urbana 
Morrow Plots were read in 0.01 inch increments at 5 and 15 minute intervals, 
respectively, for the periods of runoff monitoring. These data were then 
entered into the event files for Sites 1 and 5, since telemetered rainfall 
data were available for Sites 2, 3, and 4. For purposes of event simulation 
and for considerations of rainfall-runoff relationships, all of the rain 
gage records will be weighted and used as a network. 
STREET DIRT DATA 
Experimental Design 
On four occasions between September 1979 and May 1980, large numbers of 
individual samples of street dirt were collected from all city blocks in the 
study basins. The purpose of the sampling efforts was to determine the 
characteristic magnitude, distribution, and variability of soil load on the 
streets in each basin. These data showed a very uneven distribution of soil 
in the basins. The expected relationships between soil load and street type 
and condition were weak or inconsistent. A tendency for streets in poor 
condition to be more heavily loaded was found but was not strong enough to 
be useful in predicting loads. Large differences in average load were 
observed between streets. These differences were significant and thus ruled 
out a random sampling program that ignored street boundaries. The streets 
also varied in the amount of local uniformity which determines the sampling 
error and the number of samples required. Since the most uniform grouping 
of the data was by street, the street was adopted as the smallest subdivision 
of the basin for the sampling program. It was determined that the total 
number of samples, and thus the representativeness of the sampling effort, 
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could be increased if the streets in a basin were grouped according to 
similarity in variability of load. The samples from each block of a street 
in a group could then be combined with samples from the other streets in 
the same group, resulting in a large representative sample of street dirt 
from the whole group. 
Based on these observations the following procedure was used in con­
structing the production sampling program: 
1. Estimates of sampling error were made for each street based 
on the range of values observed in the experimental design 
data. 
2. Streets with similar error values were grouped together. 
Each group was represented in production sampling by one 
gross sample made up of subsamples from some blocks of 
every street in the group. 
3. The number of subsamples that could be collected by a 
reasonable level of effort on a sampling day, with a 
specific number of vacuum tank cleanouts, was estimated 
and the total proportioned among the groups. The 
frequencies of subsample scheduling in the groups 
ranged from 0.5 to 1.5 subsamples per block. This 
depended on the magnitude of the expected load and 
variability for the group as determined from the 
analysis of the experimental design data. 
During the early production sampling, split samples were obtained for 
selected grpups and extra individual samples were collected on several 
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streets. This was done to provide additional information for calculation of 
their sampling error and to supply justification for the transfer of any 
street from one group to another. Based on this sampling, Ridgeway Avenue 
in the John North basin was transferred twice in the first month of sampling, 
first from the low variability group to the medium, then from the medium 
group to the high. Frequencies of subsampling also were changed as the 
sampling program proceeded and the field crew became more proficient. 
Figures 14-17 identify the streets by name in each basin; the 
groupings of streets for production sampling are discussed below. For 
the Mattis North basin, one large sample consisting of eight subsamples from 
the north side of Springfield Avenue and eight more from the south side is 
collected. In the Mattis South basin, three samples are collected: one 
from Mattis Avenue consisting of eight subsamples from each side of the 
street; one from John Street, made up of two subsamples; and one from 
Henry Street, made up of two subsamples. For the John North basin, three 
variability groups were defined. The streets in the low group are Edwin 
and Willis; those in the medium group are Healey, James, Chicago, and 
McKinley; and those in the high group are Green, John, and Ridgeway. 
Twelve subsamples each make up the samples from the high and medium groups, 
and four subsamples go into the sample for the low group. In the John South 
basin there are two variability groups plus two areas which receive special 
attention. Two subsamples are taken from the micro-basin and two subsamples 
are taken from the block of James between William and Charles. The rest of 
Daniel and James Streets make up the high variability group, and eight sub-
samples are taken to represent its load. The medium variability group is 
comprised of Charles, Willis, William, and McKinley Streets, with 14 sub-
samples going into its sample. 
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Figure 14. Street identification, Mattis Avenue North 
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Figure 15. Street identification, Mattis Avenue South 
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Figure 16. Street identification, John Street North 
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Figure 17. Street identification, John Street South 
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Production Sampling and Basin Load Calculation 
Production street dirt sampling began in May and will continue through 
most of Phase II. The basins were sampled twice per week on the average. 
The samples were then weighed and the results used to calculate the loads 
on the sampled basins for that day. The following discussion and Table 5 
illustrate the calculation of total basin load (TBL) and error estimate 
for the Mattis North basin using data from the July 14 experimental design 
data. This set of data represents the collection of many individual samples 
rather than the combination of numerous subsamples into a few gross samples. 
The details of the calculation are different from those of the TBL estimate 
from production sampling, but the procedure is essentially the same. 
The weight of the collection bags was subtracted from the gross weight 
measured to obtain a net sample weight. Net weight was divided by the number 
of subsamples collected for an estimate of soil load in gm/m or the equiva­
lent kg/km. One subsample represented one meter of street length. A 50% 
confidence interval for the average was calculated based on the variability 
of the individual samples when they were separately weighed. Both the 
average load and its expected error were multiplied by the length of street 
represented in the sample to obtain their contribution to the basin totals. 
The group loads were added to obtain total basin load. 
The group expected errors were squared and added. The square root of 
the sum was the expected error of the total basin load. Similar calcula­
tions using the experimental design data and the split samples taken during 
the production runs indicated an expected error of 5-15% for the basins. 
Table 6 contains the estimated TBL for every day of street dirt sampling 
in each basin during the period May-July. The table also shows the daily 
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Table 5. Calculation of Total Basin Load 
Total Est. Est. Street Group Est. 
Sample Gross Weight Net # Sub Load Error Length Load Error Error2 
Number Weight of Bags Weight Samples (gm/m) (gm/m) (km) (kg) (kg) (kg2) 
gm gm gm 
1 1527.8 34.4 1493.4 4 373.4 49.3 .42 154.9 20.5 418.6 
2 3133.3 43.0 3090.3 5 618.1 60.5 .52 323.4 31.7 1002.3 
3 4436.2 51.6 4384.6 6 730.8 164.0 .52 382.4 85.8 7365.3 
4 1293.9 25.8 1268.1 3 422.7 120.0 .42 175.4 49.8 2480.0 
TOTALS 1036.2 11266.2 
TOTAL BASIN LOAD = 1036.2 ± 106.1 kg 
AVERAGE BASIN LOAD = 551.2 kg/curb-km 
Table 6. Total Basin Loads Calculated from Street Dirt Sampling Data 
Mattis North Mattis South John North John South 
Basin Load Basin Load Basin Load Basin Load 
Date Precip. (in) (kg) (kg) (kg) (kg) 
5-5-80 448 253 
5-6 924 256 
5-8 503 278 
5-9 890 211 
5-11 .04 
5-12 .83 
5-14 383 235 
5-15 394 
5-16 .22 336 
5-17 .81 
5-19 .21 
5-22 510 417 
5-23 .41 
5-24 .82 
5-27 317 184 
5-29 416 429 




6-4 236 141 
6-5 558 281 
6-9 251 286 
6-10 525 290 
6-12 276 244 
6-13 669 276 
6-15 .66 
6-17 196 139 
6-18 559 291 
6-19 .01 229 214 
6-20 482 390 
6-23 .96 
6-25 186 149 
6-26 786 237 
6-28 .21 
6-30 252 151 
7-1 768 357 
7-2 200 120 
7-3 702 354 
7-4 .06 
7-5 .37 
7-7 290 195 
7-8 751 418 
7-10 364 189 
7-11 701 597 




7-21 .02 209 288 
7-22 861 266 
7-24 194 238 




7-29 706 138 
7-30 197 186 
7-31 .01 127 144 
8-1 626 248 
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precipitation measured at the Urbana Morrow Plots rain gage during the same 
period. These data were examined in the first attempt to define deposition, 
accumulation, and removal rates of street dirt in the basins. 
The original plan for calculating deposition rates and removal rates 
due to forces other than precipitation was to observe the solids accumula­
tion patterns on the basins during dry periods. Dry periods were defined to 
be series of days during which no more than 0.10 inch of precipitation fell 
in any 24-hour span. Data from dry periods with two or more measurements of 
total basin load for each basin were used to calculate average accumulation 
rates for solids in the basins. For the short period of investigation, the 
calculated rates of change of street dirt load in the basins are low: 9.5 
kg/day for John North, 7.2 kg/day for John South, 1.6 kg/day for Mattis 
South, and even -0.7 kg/day for Mattis North. Considering the sizes of 
these basins and the lengths of street miles in them, these rates of increase 
are substantially less than were expected. The low values suggest that 
during the period of investigation the total basin loads in all four areas 
were near steady-state, with deposition being balanced by removal. Another 
surprise was that the storm events, even those of sizable volume and intensity, 
had less effect of removing accumulated material than expected. Better 
definition of deposition and accumulation rates will have to wait for 
different routines of sampling to he done in Phase II. 
The street dirt samples collected in production sampling have been 
assigned into groups, separated into particle size fractions, and composited 
for laboratory determination of constituent levels associated with each size. 
Two groups had been handled by the end of Phase I: the first represented 
samples collected from May 5-26, the second contained samples from May 28-
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June 26. Table 7 shows a summary of the particle size distribution of the 
representative samples of street dirt taken from each of the variability 
groups. No results of chemical analysis had been received by the end of 
the first phase. 
The municipal street sweeping program began on July 21. Four days 
of sweeping the experimental basins, Mattis South and John North, occurred 
before the end of Phase I. The amounts of material removed from each basin 
by the sweeper on those days were as follows: 
Load Removed (kg) 
Date Mattis South John North 
7/21 132.9 970.7 
7/24 227.7 567.0 
7/28 121.1 148.8 
7/31 8.7 127.4 
Q-ILLUDAS MODEL DESCRIPTION 
The Q-ILLUDAS model is a continuous processing model, which simulates 
the hydrologic interactions of precipitation on both impervious and pervious 
urban areas. The model also simulates the accumulation of dryfall and its 
subsequent removal by both natural and artificial means. 
Processing Hierarchy 
The processing hierarchy of Q-ILLUDAS, exhibited in the flow diagram 
of Figure 18, will be discussed in the following sections with reference to 
the numbered process blocks in the flow diagram. 
Processing Preparation--
All of the data required to perform a Q-ILLUDAS simulation, except the 
precipitation time series, is read by the executive or main program. At 
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TABLE 7. PERCENTAGE DISTRIBUTION BY PARTICLE SIZE 
OF PRODUCTION STREET DIRT SAMPLES 
Median 
Study Basin Sample 2000- 850- 600- 250- 106- 45- Particle 
Street Croup Croup >6370μ 6370μ 2000μ 850μ 600μ 250μ 106μ <45μ Size (μ) 
Mattis North 
Springfield Ave. 1 1 15 20 11 32 13 4 4 550 
2 4 18 18 10 30 13 4 3 600 
Mattis South 
Mattis Ave. 1 4 23 22 10 25 10 3 2 820 
2 5 26 21 9 25 10 3 1 920 
John & Henry 1 5 18 14 8 27 16 7 4 510 
John 2 5 16 14 8 28 17 8 4 470 
Henry 2 1 3 12 10 36 23 9 6 335 
John North 
High Variability 1 4 18 17 9 32 13 4 3 570 
2 5 17 20 9 30 12 4 2 620 
Med. Variability 1 6 17 19 9 27 12 5 4 620 
2 5 18 19 9 26 14 5 4 620 
Low Variability 1 8 20 20 8 25 11 4 3 780 
2 6 25 20 9 24 10 4 2 880 
John South 
High Variability 1 3 18 20 9 27 13 6 4 600 
2 3 14 19 10 29 13 6 6 530 
Med. Variability 1 5 19 21 9 25 12 6 4 700 
2 7 20 20 8 24 12 5 4 750 
Microbasin #1 1 4 20 23 10 26 10 4 2 770 
2 6 27 20 8 23 9 4 3 970 
Microbasin ill 2 2 8 11 9 34 22 8 6 375 
F i g u r e 1 8 . Flow d i ag ram f o r Q-ILLUDAS program 
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this initial stage, represented by block one, all parameters or time series 
that are to be constant throughout the simulation and that are a function 
of user-specified parameters are generated. Given the various run options, 
the executive program sets the proper switches so as to activate the sub­
routines needed to simulate the requested processes. The program also makes 
a complete check of the input data so that any missing or erroneous data 
may be noted and reported immediately, rather than allowing the simulation 
to begin and probably fail. Such errors may be zero slopes, missing or 
mis-numbered reaches, etc. 
Dry Period Simulation--
During periods of no precipitation, processes governing the recovery of 
available storage capacity in the soil profile and recovery of potential 
abstraction storages on the land surface are simulated and the length of the 
current dry period is accumulated. In an effort to minimize the computational 
time required for dry period simulation, Q-ILLUDAS processing takes place at 
three time intervals: daily, on dry days; hourly, during dry hours of rain 
days; and at the user-specified time interval, in minutes, for hours in which 
precipitation occurs. Groundwater storage is considered to exist as gravi­
tational water, which is available for percolation, and evapotranspirational 
water, which is subject to plant uptake and evaporation. The temporal varia­
tion of all the storage processes is modeled by a set of triangular distribu­
tion algorithms. These processes are represented as block number two. 
Rainfall Processing--
Function block number three represents rainfall preprocessing for an 
event. This simply generates the effective rainfall hyetographs for the 
three urban land cover types simulated by Q-ILLUDAS, as well as infiltration 
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hydrographs for the two pervious land cover groups. The three urban land 
cover groups in Q-ILLUDAS are directly connected impervious areas, impervious 
areas with an uninterrupted flow path to an inlet; contributing grassed areas, 
pervious areas whose hydrologic response is due only to direct rainfall; and 
supplemental paved/affected grassed areas, those areas where rainfall on 
impervious surfaces runs off onto a grassed surface, which in turn has a 
hydrologic response to the combined direct rainfall and the impervious runoff. 
Directly connected impervious (CPA)--An effective rainfall hyetograph 
is generated for the event by applying temporally distributed losses for 
depression storage and a seasonal abstraction, which represents a small 
initial loss due to evaporation and absorption by the pavement. This cover 
type characterizes such land uses as streets, curbs, parking lots, and 
rooftops that drain directly to the street or drainage system. 
Contributing grassed areas (CGA)--An effective rainfall hyetograph 
and an infiltration hydrograph are generated for the event by applying 
temporally distributed process algorithms for interception, depression 
storage, and infiltration to the precipitation. This cover type represents 
urban lawns, parks, and undeveloped areas. 
Supplemental paved areas/affected grassed areas (SPA/EGA)--An 
effective rainfall hyetograph and an infiltration hydrograph are created 
for the event by first combining the effective rainfall hyetograph for 
directly connected impervious areas with the portion of the direct rainfall 
hyetograph which remains after pervious interception storage is processed. 
The resultant hyetograph is then subjected to the temporally distributed 
pervious processes of depression storage and infiltration. Q-ILLUDAS assumes 
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that for each unit of area considered to be SPA, a pervious area three times 
as large will be affected by the runoff, and thus is removed from the user-
input value of CGA to be considered as the affected grassed area. 
Blocks four through six are repeated for each reach in the basin. 
Dryfall Processing--
If quality simulation was not requested by block one, block four is 
not accessed. The accumulation and removal of dryfall is done on the basis 
of five particle size groupings, the smallest group size being essentially 
of zero diameter and representing the bulk of the soluble solids. The 
remaining four groups range in size to include particles up to a diameter 
of 6000 microns. Each group has its own deposition rate and loading limit. 
Starting at the end of the previous event, accumulation of particulates takes 
place for the last dry period processed in block two, with the street sweeping 
algorithm applied as per user prescription in block one. 
Street sweeping methodology--The street sweeping process is determined 
by user-specified values of the following parameters: first sweep date; 
sweep time (0001-2400 hours); sweep frequency (days) ; and sweeping effi­
ciencies for each particle size group. Total weight in each particle size 
group removed by sweeping is output for each sweeping, and if so desired, 
the quality partitions to be described in block seven may be invoked to 
output the removal weights of each constituent due to sweeping. 
Overland Flow Routing--
Overland flow routing, block five, is accomplished by computing the 
mean overland flow time for each cover type by the kinematic wave formula, 
and then aggregating the effective hydrograph for the cover type by a time-
area weighing technique. The weighing is a function of the routing interval 
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and the mean overland flow time, and will vary from one event to another 
as a function of the total volume and duration of the effective hyetograph. 
Affected grassed areas are routed first. Sixty-seven percent of this 
area is assumed to flow to the street, with the remainder draining via the 
same path as the contributing grassed areas in the back yards. The con­
tributing grassed area is assumed to be divided as front yard and back yard. 
The front yard area drains to the street, and the back yard, along with the 
remaining thirty-three percent of the EGA, may be routed either to the 
street or directly to an inlet, at the user's discretion. The effective 
hyetograph for directly connected impervious areas is then combined with 
an adjusted pervious area overland flow hydrograph, and routed over the 
street surface. The adjustment made to the pervious runoff hydrograph is 
division by the paved area. 
If water quality is being modeled, particulate entrainment is simulated 
concurrently with the overland flow routing. Entrainment of particles of a 
particular size group is allowed only if the critical shear force for that 
group is less than the tractive shear force being generated by the runoff. 
Entrainment is limited by both the runoff and particle availability. 
Flow imposed limitation--The ability of the runoff to entrain particu­
lates, regardless of size group, is a function of the water's available 
capacity to do work. This work potential is the residual of the total work 
potential of the moving water less the work it is presently doing to move 
the current suspended load. For any particle size group, the flow limita­
tion on entrainment is then the total mass of that particle size needed to 
fulfill the available work potential. 
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Load imposed limitation--The total mass of particles of a given size 
group available for entrainment at a given time is a function of the mass 
of the group remaining on the surface at the time, and the total mass of 
the group that has previously washed off during the event. 
Function block five represents the overland flow routing stage of 
Q-ILLUDAS. 
Channel Routing--
Channel routing of both quantity and quality are done by the time-shift 
method. Flow-through times for each reach are computed and utilized to shift 
the upstream and local inflows in time to represent the response to channel 
characteristics. Surcharging is accounted for, as well as user-input 
detention storage and flow limitation. The flow limiting algorithm may 
also be used to represent overflow diversion structures, if such diversions 
leave the basin and need no accounting other than a total volume spilled. 
In the event of surcharging or detention storage, complete mixing is assumed. 
Any volume of water leaving such storage will be assumed to have concentra­
tions identical to those of the stored volume at the start of the interval. 
Complete mixing takes place at the end of the interval. 
Routed output--Output of the routed runoff, for both quantity and 
quality, are available for any and all reaches and will always be printed 
for the basin outlet. Although the flow diagram shows water quality parti­
tioning (block seven) for the basin outfall, the algorithms are available 
for any reach. 
Reach output--Reach output represents the system response from all 
upstream and local conditions. 
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Inlet output--Inlet output represents only that portion of the system 
response pertaining to routed overland flow on street surfaces. This 
output option may be used for dryfall calibration, quality partition cali­
bration, or sweeper efficiency calibration. 
Quality Constituent Partitioning--
The location of the quality partitioning function, block seven, on 
the flow diagram may be misleading, particularly with respect to the 
discussion on routed output in block six. The partitioning algorithms may 
be utilized for either reach or inlet water quality analysis if so desired. 
However, their use at the basin outfall is intended to reduce the volume of 
output resulting from Q-ILLUDAS simulations. 
The partitioning algorithms of the model are quite simply a set of ten 
potency factors for each quality constituent. Five represent the dissolved 
constituent potency per ton of particles washed off in each size group, the 
other five represent the suspended solids potency. Output of quality data 
may be either as pollutograph time series or total load washed off, or both. 
In evaluating inlet quality, it is suggested that total loads be output to 
save on both computational time and output volume. 
Background concentrations for dissolved loads in rainfall are also 
added in the partitioning algorithms, if so elected in block one. 
Program Termination--
At the end of each Q-ILLUDAS simulation run (block eight), the final 
status of all storages for each of the three urban land cover groups is 
output. If water quality simulation was performed, the model also enters 
block four with the final dry days count, and processes and outputs the 
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final loading status of each reach. These values may be used to replace 
the values in the current block one input data deck if a continuous monitor­
ing of simulated water quality is desired. 
Additional Model Features and Applications 
The Q-ILLUDAS model has the following capabilities and characteristics 
with regard to previously unmentioned items: 
Testing of Alternative Management Programs--
If a series of alternative programs is to be tested, Q-ILLUDAS gives the 
user the option, in block one, of specifying a program test starting date, 
at which point in the initial simulation all of the output from block eight 
will be printed. By choosing such a time that will allow a sufficient time 
lapse to damp the effects of initial conditions, a set of run parameters are 
obtained which may be used as the starting point for a series of sensitivity 
analyses on sweeping programs or particular sweeper characteristics. 
Line Printer Plotting--
By specification in block one, line printer plots of all events, or 
only those in excess of a predetermined (user-input) runoff volume and/or 
washoff load, may be generated. These plots will contain a discharge hydro-
graph and two particle loadographs: one for the zero diameter group and 
one for the cumulative washoff of the other four groups. 
Sample Results of Q-ILLUDAS Runoff Simulation 
Figures 19 and 20 on the following pages illustrate the simulated 
responses of the John Street basins of Champaign, Illinois, to the indicated 
observed rainfall. The observed basin responses are also shown for comparison. 
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Figure 19. Observed and simulated hydrographs from John 
Street North for storm of March 16, 1980 
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Figure 20. Observed and simulated hydrographs from John 




The City of Champaign through the Public Works Department has been 
involved in this project almost from the start. Permission to establish 
sampling sites in the storm sewer system was quickly granted. This 
allowed the attachment of sampling intakes and flow monitoring equip­
ment, including all bubbler lines and flow constrictions at Sites 4 
and 5, to the city sewers and manholes. It also permitted the surface 
installations of equipment and shelters to be done on city street 
right-of-way. The Engineering Office of the Department provided advice 
in early stages of site selection and later evaluated all recommended 
sites with regard to line-of-sight interference with traffic and other 
potential conflicts with city uses. The storm runoff inlet at Site 3 was 
rebuilt by the city at the request of ISWS to make it serviceable as a 
sampling site. The Director of Public Works acted as an advocate of 
the City's proposed involvement in the project when the matter was under 
consideration by the City Council. Crews from the Operations staff of 
the Department are performing the municipal street sweeping for the 
project. The Department also provided the personnel to distribute by 
hand to the residents of the study basins a two-page explanation of the 
project written by ISWS. A copy of this handout is included in Appendix C. 
The City continues to participate in informing the public by answering 
citizen inquiries about the project. 
A photographic display describing the project was put together by 
the Graphical Arts Unit at ISWS and shown at a Champaign shopping mall 
during Engineering Week in March. The same display was also part of 
the ISWS exhibit at the Illinois State Fair in August. 
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The IEPA Public Participation Office has prepared an article about 
the project for publication. It will appear in the November 1980 issue 
of Illinois Progress Magazine. 
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SECTION 9 
CONCLUSIONS AND RECOMMENDATIONS 
During Phase I, the largest effort has been spent and the greatest 
accomplishments have been made in the areas of data collection and data 
management. Little has been done in data analysis and few conclusions 
have been drawn. The conclusions which can be made are related to the 
determination of total basin loads of street dirt for the study areas. 
The street dirt loads in each basin were near steady state for 
the three-month period of production sampling. This suggests that the 
basins reach a steady state load condition after a cleanup more quickly 
than was previously supposed. The data also shows that there was less 
removal of basin load by storm events than was expected. These obser­
vations indicate that reliable determinations of deposition and accumu­
lation rates of street solids in the basins will not be possible based 
on the results of the currently planned production sampling. A special 
sampling program must be designed to provide better definition of these 
rates. The special sampling can be carried out in coordination with 
the production sampling program. The variability observed in the 
street dirt sampling results and the error estimates in the total basin 
load calculations suggest a need for more experimental design sampling 
and for a strong effort in evaluation of the street dirt sample collection 
procedure. It will be important to determine as far as possible the 
accuracy of the sampling procedure in representing the actual basin loads. 
It is recommended by ISWS that the street dirt sampling program be 
extended to the end of the runoff sampling season for 1981. The current 
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plan calls for production street dirt sampling to be terminated at the 
end of May 1981 though the municipal street sweeping and runoff event 
monitoring programs will continue through November. This plan was based 
on expectation that the deposition, accumulation, and removal character­
istics of the basin loads would be well defined by that termination date. 
The results of Phase I production sampling make the realization of that 
expectation unlikely. For this reason, and because the street sweeping 
and event monitoring will be continuing, it would be desirable to continue 
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I. DESCRIPTION OF DATA FILES
THE FIRST EXECUTION OF THE PROGRAM "MANAGE" FOR A PARTICULAR EVENT
CREATES A FORMATTED DATA FILE WITH EITHER A USER-SPECIFIED TIME ARRAY
OR A STANDARD TIME SCALE ( ONE MINUTE TIME STEP ) WITH BOTH RAINFALL AND
DISCHARGE ARRAYS FROM TELEMETERED DATA. THESE FILES ARE NAMED BY THE
FOLLOWING PROCEDURE :
THE FILENAME IS A SEVEN CHARACTER STRING. THE FIRST CHARACTER OF THE
STRING IS AN ALPHA-NUMERIC WHICH IDENTIFIES THE BASIN WHICH THE DATA
FILE WILL REPRESENT. THESE CHARACTERS ARE AS FOLLOWS
A = MATTIS AVENUE NORTH
B = MATTIS AVENUE SOUTH
C = JAMES AND DANIEL
D = JOHN STREET SOUTH
E = JOHN STREET NORTH
THE SECOND AND THIRD CHARACTERS REPRESENT THE MONTH OF THE DATA . AND
ARE REPRESENTED BY INTEGERS IN THE FOLLOWING FORMAT
01 = JANUARY
10 = OCTOBER
THE FOURTH AND FIFTH CHARACTERS REPRESENT THE DAY OF THE MONTH . AND
ARE REPRESENTED BY INTEGERS IN THE FOLLOWING FORMAT :
15 = FIFTEENTH DAY OF THE MONTH





THE LAST CHARACTER IS AN ALPHA-NUMERIC AND INDICATES THE EVENT NUMBER
FOR THAT PARTICULAR DATE. ANYWHERE FROM ONE TO FOUR OR FIVE DISCRETE
EVENTS MAY OCCUR IN A GIVEN DAY , AND EACH ONE . IN ORDER OF OCCURENCE .
IS DESIGNATED BY A LETTER . STARTING WITH "A" FOR THE FIRST EVENT ON A
GIVEN DATE . AND PROGRESSING IN ALPHABETICAL ORDER THROUGH THE LAST
EVENT OF THAT DATE.
EACH FILE YOU CREATE MAY BE UP TO 241 RECORDS LONG. IF AN EVENT LASTS
LONGER THAN FOUR HOURS . IT MAY BE INPUT AS ONE FILE IF THE INTERVAL IS
USER SPECIFIED AT TWO OR MORE MINUTES . BUT THERE WILL BE PROBLEMS IF YOU
ATTEMPT TO EXPAND THE FILE BY UTILIZING THE "TIME" MODE TO SHORTEN THE
TIME STEP. THE BEST PROCEDURE IS THEN TO CREATE FILES ALLOWING FOR THE
SHORTEST TIME STEP ANTICIPATED TO BE NEEDED. IF YOU NEED TO GENERATE TWO
OR MORE DATA FILES FOR AN EVENT . START THE APPENDING FILE AT THE SAME
TIME AS THE PREVIOUS FILE ENDED. THE HP PLOTTER OUTPUT OPTION WILL QUIZ
YOU AS TO WHETHER OR NOT YOU INTEND TO APPEND YOUR PLOT DATA FILES IF
IT SEES THAT THERE ARE 241 PLOTTING POINTS AND WILL . IF YOU INDICATE
SO . SUPPRESS THE LAST RECORD SO AS TO AVOID A DUPLICATE RECORD IN EACH
OF YOUR HP PLOTTER FILES. AFTER YOU HAVE PRINTED THE FIRST EVENT FILE IN
HP PLOTTER FORMAT . YOU MAY THEN LOAD THE SECOND ( OR THIRD ) EVENT FILE
AND ASK FOR HP PLOTTER PRINT. BY EXECUTING THE PRINTING OF THE DATA
FROM THE SECOND DATA FILE IN THE SAME ORDER AS THE FIRST. YOU WILL BE
APPENDING THE FIRST SET OF DATA FILES WITH THE SECOND. UPON EXITING THE
PROGRAM . YOU MUST USE THE CYBER "PACK" COMMAND TO DELETE THE END OF DATA
MARK THAT APPEARS AT THE END OF THE FIRST SEGMENT OF PRINTED DATA.
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ALL DATA IN THE FILE IS STORED AS INTEGER DATA. THE FIRST RECORD
CONTAINS EXPONENTS FOR EACH DATA ARRAY . IN BASE TEN. THE FIRST ARRAY
TIME . HAS A DEFAULT EXPONENT OF ZERO . AND THE VALUE STORED IN RECORD
ONE IS THE NUMBER OF DATA RECORDS IN THE FILE. RECORDS TWO ONWARD
CONTAIN THE EVENT DATA . WHICH IS FOLLOWED BY AN INTEGER . FOUR RECORDS
AFTER THE END OF DATA. THIS INTEGER REPRESENTS THE NUMBER OF RECORDS OF
COMMENTS IN THE FILE . WHICH MAY NOT EXCEED TWO HUNDRED. THE PROGRAM
ASKS YOU FOR THE DATE AND YOUR INITIALS AS YOU START . AND WILL PRINT
THESE IN THE COMMENT BLOCK ALONG WITH THE ARRAY NUMBERS OF ANY FILES YOU
UPDATE AS YOU EXIT THE PROGRAM.
AN EXAMPLE DATA FILE IS GIVEN IN SECTION VIII. FOR MATTIS AVENUE
NORTH BASIN . FOR THE EVENT OF NOVEMBER 22,1979 ( FILENAME=AI1229A ) .
BEGINNING AT 2:16 AM . AND ENDING AT 2:56 AM . AT FIVE MINUTE INTERVALS.
THERE ARE 6 COMMENT CARDS.
THE FOLLOWING TABLE GIVES THE RANGE OF VALUES WHICH CURRENTLY ARE
ACCEPTABLE FOR THE ARRAYS AS THEY EXIST
ITEM FROM TO COMMENTS
TIME 0001 2400 MINUTES
RAINFALL 0.01 9.99 INCHES
DISCHARGE 0.1 99.9 CFS
TOTAL SUSPENDED SOLIDS 1.0 9999. MGL
TOTAL DISSOLVED SOLIDS 1.0 999. MGL
SULFATE 10.0 99.0 MGL
CHLORIDE 0.1 999.9 MGL
AMMONIA 0.1 9.9 MGL
DISSOLVED AMMONIA
NITRITE 0.1 9.9 MGL
DISSOLVED NITRITE
KJELDAHL-NITROGEN 0.1 9.9 MGL
DISSOLVED KJELDAHL-NITROGEN
PHOSPHORUS 0.01 9.9 MGL
DISSOLVED PHOSPHORUS
ORGANIC CARBON 1.0 99.0 MGL
DISSOLVED ORGANIC CARBON
CHEMICAL OXYGEN DEMAND 1.0 999. MGL
LEAD 0.1 9.9 MGL
DISSOLVED LEAD
COPPER .005 .999 MGL
DISSOLVED COPPER
IRON 0.01 99.99 MGL
DISSOLVED IRON
ZINC 0.01 9.99 MGL
DISSOLVED ZINC 0.01 0.99 MGL
CHROMIUM .005 .099 MGL
DISSOLVED CHROMIUM
CADMIUM .005 .099 MGL
DISSOLVED CADMIUM
MANGANESE 0.01 9.99 MGL
DISSOLVED MANGANESE




SPECIFIC CONDUCTANCE 10. 999. MICRO MHOS
II. PROGRAM STRUCTURE
THE PROGRAM IS STRUCTURED AS SIX BASIC OPERATIONAL MODUALS . OR
"MODES". THESE MODES ARE :
INIT - CREATE A NEW FILE TO USER SPECIFICATIONS
TELE - CREATE THE STANDARD FILE FROM TELEMETERED DATA
TIME - UPDATE TIME RANGE AND/OR STEP
DATA - ENTER OR UPDATE DATA ARRAYS
PRNT - LINE PRINTER OR HP PLOTTER OUTPUT FILE(S)
EXIT - TERMINATE WORK ON FILE
THE TERM "STANDARD FILE" . AS USED ABOVE . REFERS TO ONE MINUTE TIME
STEP OF THE DATA . WHICH IS THE TELEMERED DATA AND ILLUDAS INTERVAL.
THE INTENDED USE AND OPERATIONS UNDER EACH OF THESE MODES IS DISCUSSED
IN THE FOLLOWING SECTIONS.
NOTE : IN THE FOLLOWING SECTIONS . BOTH THE PROGRAM PROMPTS AND THE
USER RESPONSE WILL BE DISCUSSED. THE FORMAT OF THESE ACTIONS
WILL FOLLOW THIS FORMAT :
ALL PROGRAM GENERATED MESSAGES WILL BE PRINTED
EXACTLY AS THEY WILL APPEAR ON YOUR TERMINAL.
EXCEPT THAT THEY WILL BE ENCLOSED IN QUOTATION
MARKS.
WHEN A USER RESPONSE IS EXPECTED . THE RESPONSE
AREA WILL BE ENCLOSED BY A PAIR OF ASTERIKS ON
EITHER SIDE.
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III. CREATING A NEW FILE
A) OPERATING MODE "INIT"
AFTER BEING ASKED FOR YOUR INITIALS AND THE DATE. THE FOLLOWING
MESSAGE WILL APPEAR :
"IS THIS BASIN JAMES AND DANIEL ?
?"** **
A **YES** REPONSE WILL CHANGE THE DISCARGE EXPONENT FROM TENTHS TO
HUNDREDTHS. THIS QUESTTION IS NOTHING MORE THAN A DUMMY HOWEVER IF YOU
ARE NOT CREATING A NEW FILE IN EITHER "INIT" OR "TELE". THE NEXT PROMPT
WILL BE :
"THE FOLLOWING LISTS THE OPERATION MODES
INIT TELE TIME DATA PRNT
ENTER THE MODE KEYWORD OF THE NEXT TASK
?" ** **
IF YOU WISH TO CREATE A DATA FILE TO YOUR OWN SPECIFICATIONS . YOU
ANSWER **INIT** . IF YOU ARE CREATING A DATA FILE FROM TELEMETERED DATA
YOU ANSWER **TELE** . THE LATTER CASE WILL BE DISCUSSED IN SECTION III.B.
IF YOU ARE WORKING ON A FILE WHICH HAS ALREADY BEEN CREATED . YOU ENTER
THE APPROPRIATE KEYWORD AND CONTINUE AS PER THE INSTRUCTIONS IN SECTIONS
IV.A. . IV.B. . OR V.A. AND V.B.
IN ALL ENSUING RETURNS TO THE OPERATION MODE CHOICE . THE FOLLOWING
MESSAGE WILL APPEAR
"THE FOLLOWING LISTS THE OPERATION MODES
TIME DATA PRNT EXIT
ENTER THE MODE KEYWORD OF THE NEXT TASK
?" ** **
THE FILE CREATION OPTIONS ARE GONE BECAUSE ONCE YOU HAVE EXECUTED ONE
TASK . YOU HAVE A WORKING FILE . REGARDLESS OF WHETHER YOU HAD ONE TO
BEGIN WITH OR NOT.
AFTER ISSUING THE KEYWORD **INIT** . THE PROGRAM WILL RESPOND :
-ENTER THE START TIME OF THE DATA
?"** **
YOU NOW ENTER THE MILITARY TIME OF THE BEGINNING OF THE EVENT. FOR
EXAMPLE :
0216 = 2:16 AM
1300 = 1:00 PM
THE PROGRAM WILL RESPOND :
"ENTER THE FINISH TIME OF THE DATA
?"** **
YOU NOW ENTER THE MILITARY TIME AT WHICH THE EVENT ENDED.THE PROGRAM
WILL NOW RESPOND WITH
"ENTER THE TIME STEP IN MINUTES
?"** **
YOU NOW ENTER A FLOATING POINT NUMBER WHICH IS THE INTERVAL AT WHICH
YOU WANT YOUR FILE TO BE CREATED. THIS NUMBER MUST BE WHOLE MINUTES.
FOR EXAMPLE :
1. = ONE MINUTE
5. = FIVE MINUTES
2.5 = TWO AND A HALF MINUTES AND IS NOT ALLOWED
THE PROGRAM WILL GENERATE THE TIME ARRAY . THEN IT WILL ZERO ALL OF
THE CORRESPONDING DATA ARRAYS . AND FINALLY WILL ASSIGN THE DATA ARRAY
EXPONENTS . WHICH . AS PREVIOUSLY EXPLAINED . CONTAIN THE NUMBER OF DATA
INTERVALS AS AN EXPONENT FOR THE TIME ARRAY.
YOU WILL NOW BE TRANSFERRED BACK TO OPERATION MODE CHOICE STATUS.
NOTE : FROM HERE ON OUT . WHENEVER YOU ARE ASKED FOR A START
TIME AND/OR FINISH TIME AND AND/OR A TIME STEP . THEY
MUST BE ENTERED SUCH THAT BY STARTING AT YOUR SPECIFIED
START TIME . AND INCREMENTING BY EITHER YOUR SPECIFIED
TIME STEP . OR AN EXISTING TIME STEP . THE FINISH TIME
MAY BE EXACTLY REACHED. THE SAME IS TRUE LATER ON WHEN
YOU ARE IN "DATA" MODE . IF YOU NEED TO START DATA OR
UPDATE DATA AT SOME POINT IN THE EXISTING TIME RANGE
THE TIME YOU ENTER MUST EXIST IN THE ARRAY OR BE
ATTAINABLE BY EITHER INCREMENTING OR DECREMENTING BY
THE EXISTING TIME STEP.
FOR EXAMPLE :
IF YOUR START TIME IS 0216
FINISH TIME IS 0256
AND TIME STEP IS 5.0
0231.0201. AND 0316 CAN ALL BE ACCEPTABLE TIMES UNDER
DIFFERENT OPERATION MODES.
0222.0240.0300. AND 0200 WOULD BE UNACCEPTABLE BECAUSE
THEY CAN NOT BE REACHED FROM EITHER 0216 OR 0256 AT
FIVE MINUTE INTERVALS.
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B) OPERATING MODE "TELE"
IF YOU CHOOSE **TELE** AS YOUR OPERATING MODE . THE PROGRAM WILL
RESPOND :
"PROJECT BASINS ARE
NORTH MATTIS SOUTH MATTIS JAMES AND DANIEL
SOUTH JOHN NORTH JOHN
ENTER BASIN TO BE GENERATED
?" ** **
WHEN YOU ENTER THE CURRENT BASIN NAME . THE PROGRAM WILL REPOND
"ENTER BUBLER NUMBER FOR THIS SITE AND EVENT
?"** **
YOU NOW ENTER THE DUBS_ER NUMBER SO THAT THE PROGRAM MAY MAKE THE
NECESSARY ZERO ADJUSTMENT . IF THE BASIN YOU CHOSE WAS EITHER OF THE
TWO JOHN STREET BASINS . YOU WOULD HAVE BEEN PROMPTED WITH
"ENTER UPSTREAM BUBBLER NUMBER FOR THIS SITE AND EVENT
?"** **
YOU NOW ENTER THE APPROPRIATE BUBBLER NUMBER . AND ARE PROMPTED:
"ENTER DOWNSTREAM BUBBLER NUMBER FOR THIS SITE AND EVENT
?"** **
YOU NOW ENTER THE OTHER BUBBLER NUMBER FOR THESE SITES. THE PROGRAM
PREFERS TO GENERATE DISCHARGE FROM THE UPSTREAM BUBBLER AT THESE SITES
BUT ALLOWS THE DOWNSTREAM STAGE TO BE USED IF THE UPSTREAM VALUE IS IN
DOUBT. IF YOU ENTER THE SAME BUBBLER NUMBER FOR BOTH . THE FOLLOWING
ERROR MESSAGE APPEARS :
"UPSTREAM=DOWNSTREAM . RE-ENTER BUBBLERS"
AT WHICH POINT YOU ARE QUIZZED ON THE BUBBLER NUMBERS AGAIN.
NEXT . YOU ARE ASKED THE FOLLOWING SERIES OF QUESTIONS ABOUT THE
FILE YOU ARE CREATING:
"ENTER DESIRED TIME STEP . IN MINUTES
?"** **
"ENTER NUMBER OF RECORDS IN TELEMETERED FILE
?"** 
"ENTER STARTING TIME FOR DESIRED FILE
?"** **
"ENTER FINISH TIME FOR DESIRED FILE
?"** **
IF THE START TIME THAT YOU ENTER DOES NOT EXIST . THE FOLLOWING
MESSAGE IS PROMPTED :
"INDICATED START TIME DOES NOT FIT EVENT"
YOU WOULD NOW BE TRANSFERED BACK TO THE PROMPT FOR START AND FINISH
TIMES. ONCE YOUR START TIME IS COMPATIBLE WITH THE FILE . THE PROGRAM
ALLOWS UP TO 241 ENTRIES IN THE TIME ARRAY AT THE USER SPECIFIED TIME
STEP. IF YOUR FINISH TIME OCCURS BEFORE THAT LIMIT . YOU ARE
SHIFTED BACK TO OPERATION MODE CHOICE . IF NOT . THE FOLLOWING WILL
APPEAR :
"INDICATED FINISH TIME DOES NOT FIT EVENT
SELECTED EVENT ENDS AT (TTTT)
DO YOU WISH TO CHANGE TIME STEP OR START/FINISH TIMES ?
?"** **
THE VALUE ECHOED AS TTTT WILL BE THE FINISH TIME AS COMPUTED BY THE
START TIME PLUS TWO HUNDRED AND FORTY TIMES THE TIME STEP. A **YES**
RESPONSE WILL SEND YOU BACK TO THE QUERIES ABOUT TIME STEP AND START-
FINISH TIMES. A **NO** RESPONSE WILL PROMPT
"EVENT FILE WILL END AT (TTTT)"
YOU WILL NOW BE TRANSFERRED BACK TO OPERATION MODE CHOICE. IF THE
PARTICULAR EVENT SHOULD REQUIRE MORE THAN 241 ENTRIES. A SECOND FILE
MAY BE GENERATED STARTING AT TIME TTTT.
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IV. DATA INPUT . UPDATE . AND MANIPULATION
A) OPERATING MODE "TIME"
THE CHOICE OF **TIME** AS AN OPERATING MODE ALLOWS YOU TO CHANGE THE
RANGE OF YOUR DATA SET . FROM START TO END . AND/OR THE TIME STEP .
WHILE PRESERVING ALL EXISTING DATA . IF YOU ARE CAREFUL. THE RAINFALL
DATA CAN NOT BE DISTRIBUTED IF YOU CHOOSE TO SHORTEN THE TIME STEP . BUT
YOU CAN DO THIS MANUALLY FROM THE "DATA" MODE. THE FIRST RESPONSE AFTER
SELECTION OF THIS MODE IS
"THE EVENT CURRENTLY BEGINS AT AND ENDS AT
DO YOU WISH TO CHANGE THIS RANGE ?
?" ** **
A **NO** ANSWER WILL TRANSFER YOU TO THE TIME STEP QUESTION DISCUSSED
LATER IN THIS SECTION. A **YES** ANSWER WILL PROMPT THE FOLLOWING
"THE CURRENT INTERVAL OF THE DATA IS MINUTES
DO YOU WISH TO CHANGE THE START TIME ?
?" ** **
IF YOU ANSWER **NO** . YOU WILL BE TRANSFERRED TO THE END TIME
QUESTION. A **YES** ANSWER WILL RESPOND WITH :
"ENTER THE TIME AT WHICH THE DATA SHOULD BEGIN
?" ** **
YOU ANSWER WITH THE MILITARY TIME AT WHICH YOU WANT THE DATA TO BEGIN.
REMEMBER IT MUST BE ACCESSABLE FROM THE GIVEN START TIME BY THE GIVEN
TIME STEP . ALTHOUGH IN THIS INSTANCE . YOU MAY MAKE THE FILE BEGIN
EARLIER OR LATER THAN THE EXISTING FILE. IF YOU CHOOSE A LATER START
TIME . ALL DATA PRIOR TO THE NEW START TIME WILL BE LOST . WITH THE
EXCEPTION OF RAINFALL . WHICH WILL BE ACCUMULATED TO YOUR NEW START TIME.
THE NEXT PROMPT WILL BE
"DO YOU WISH TO CHANGE THE END TIME ?
?" ** **
A **NO** ANSWER WILL CAUSE THE PROGRAM TO PRINT BOTH THE FIRST TWO AND
LAST TWO ELEMENTS OF THE TIME ARRAY AS FOLLOWS
" T( 1) =
T( 2) =
T(N-1) =
T( N ) = "
AT THIS TIME YOU WILL BE TRANSFERED BACK TO OPERATION MODE CHOICE
STATUS.
A **YES** ANSWER CAUSES THE FOLLOWING PROMPT
"ENTER THE TIME AT WHICH THE DATA SHOULD END
?" ** **
YOU RESPOND BY ENTERING THE MILITARY TIME AT WHICH THE FILE SHOULD NOW
END. IF IT IS LATER THAN THE CURRENT END TIME . ALL THE DATA FILES WILL
BE EXTENDED WITH ZERO DATA THROUGH THE END OF YOUR NEW TIME ARRAY. IF IT
IS EARLIER . ALL DATA AFTER YOUR NEW END TIME IS ZEROED . WITH THE
EXCEPTION OF RAINFALL . WHICH WILL BE ACCUMULATED BACK TO YOUR NEW END
TIME.
THE FIRST AND LAST TWO ELEMENTS OF YOUR TIME ARRAY WILL NOW BE
PRINTED . AS SHOWN ABOVE . AND YOU WILL BE TRANSFERRED TO OPERATION MODE
CHOICE STATUS.
IF YOU DID NOT WANT TO ALTER EITHER THE START TIME OR FINISH TIME OF
THE DATA FILE . A **NO** ANSWER TO THE FIRST QUESTION IN THIS MODE . THE
FOLLOWING PROMPT WILL OCCUR:
"THE CURRENT INTERVAL OF THE DATA IS MINUTES
DO YOU WISH TO CHANGE THIS RANGE ?
?" ** **
A **NO** ANSWER WILL TRANSFER YOU BACK TO OPERATION MODE CHOICE
STATUS. A **YES** WILL PROMPT THE FOLLOWING
"ENTER THE TIME STEP IN MINUTES
?" ** **
YOU ANSWER BY ENTERING A FLOATING POINT NUMBER (WHOLE) WHICH MUST BEAN INTEGER MULTIPLE OF THE EXISTING INTERVAL IF YOU WISH TO LENGTHEN
THE TIME STEP I AS IN GOING FROM 5 MINUTES TO 10 MINUTES ) OR. IF YOU
WISH TO SHORTEN THE TIME STEP . THE CURRENT INTERVAL MUST BE AN INTEGER
MULTIPLE OF YOUR NEW TIME STEP ( AS IN GOING FROM 5 MINUTES TO I . OR 10
MINUTES TO S . 2 . OR I ).
WHEN SHORTENING THE INTERVAL . BLANK RECORDS ARE INSERTED AT THE
APPROPRIATE FREQUENCY. IF RAINFALL DATA EXISTS . IT IS UP TO YOU TO MAKE
ANY NECCESSARY CHANGES FROM "DATA" MODE.
WHEN LENGTHENING THE INTERVAL . RECORDS (AND ANY EXISTING DATA AT THE
OOD INTERVALS ) ARE DELETED. RAINFALL IS ACCUMULATED FORWARD IN TIME TO
THE NEXT RECORD WHICH IS TO BE RETAINED.
THE PROGRAM NOW TRANSFERS BACK TO OPERATION MODE CHOICE STATUS.
B) OPERATING MODE "DATA"
IF **DATA** WAS CHOSEN AS YOUR OPERATION MODE . THE PROGRAM WILL
RESPOND :
"IS THE PROCEDURE DATA INPUT TO A TELE-CREATED FILE 7
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IF YOU ARE INPUTTING DATA TO A NEWLY CREATED FILE FROM "TELE" .
YOU RESPOND **YES** . AND THE PROGRAM WILL CONTINUE AS DISCUSSED AT
THE END OF THIS SECTION. IF NOT . YOU RESPOND **NO** . WHICH WILL
PROMPT THE FOLLOWING :
"THE FOLLOWING IS A LIST OF ACCEPTABLE KEYWORDS:
RAIN FLOW TSS TDS S04 CL2 NH4 DNH4 NO3
OND3 K-N DK-N P DP ORC DORC COD PS
DPB CU DCU FE OFE ZN DZN CR DCR
CD DCD MN DMN NI DNI HG PH SC
ENTER THE NAME OF THE DATA SET ON WHICH YOU INTEND TO WORK
?"** **
AT THIS POINT YOU ARE EXPECTED TO ENTER THE KEYWORD OF THE DATA SET
YOU NEED TO WORK ON "EXACTLY" AS IT APPEARS ABOVE. THESE KEYWORDS ARE IN
THE SAME ORDER AS LISTED IN THE CONSTITUENT LIST DISCUSSED EARLIER.
IF YOU MIS-SPELL THE KEYWORD . THE FOLLOWING MESSAGE WILL APPEAR
"KEYWORD MIS-SPELLED OR NOT IN LIST : TRY AGAIN
ENTFR THE NAME OF THE DATA SET ON WHICH YOU INTEND TO WORK
?? ** **
IF YOU MIS-SPELL IT A SECOND TIME . THE ENTIRE LISTING IS GOING TO BE
REPEATED FOR YOU. THE PROGRAM WILL SCAN THE ARRAY NOW TO DETERMINE WHETHER
OR NOT DATA HAS BEEN INPUT TO THIS DATA SET BEFORE. IF NOT . THE PROMPT :
"NO NON-ZERO DATA EXISTS FOR (DATA SET KEYWORD)"
WILL APPEAR . AND YOU WILL BE ASKED FOR A START TIME . AS EXPLAINED AT
THE HOTTOM OF THIS PAGE.
IF DATA DOES EXIST . THE FOLLOWING WILL APPEAR
"DATA EXISTS AND MAY BE OVERWRITTEN FOR (DATA SET KEYWORD)
WAS THIS DATA SET INPUT AT THE WRONG START TIME ?
?" ** **
A **YES** ANSWER ALLOWS YOU TO MOVE AN ENTIRE ARRAY BACKWARD OR
FORWARD IN TIME . ASSUMING THAT YOU STARTED YOUR DATA INPUT AT THE WRONG
TIME . AND CARRIED THE ERROR THROUGHOUT THE DATA SET. THIS FEATURE IS
DISCUSSED FURTHER NEAR THE END OF THIS SECTION.
BOTH A NEW FILE AND A **NO** TO THE LAST QUESTION WILL PROMPT
"ENTER THE START TIME OF THE DATA
?" ** **
IF YOU ARE INPUTTING DATA FOR THE FIRST TIME . ENTER THE TIME OF YOUR
FIRST OBSERVATION . NOT NECCESSARILY BEING THE SAME AS THE START TIME OF
THE FILE. IF YOU ARE UPDATING ONE DATA POINT . ENTER THE TIME OF THIS
POINT . IF YOU ARE UPDATING A CONTINUOUS STRING OF DATA POINTS . ENTER
THE TIME OF THE FIRST DATA TO BE UPDATED. REMEMBER THAT THESE TIMES MUST
BE ACCESSABLE 3Y THE TIME STEP OF THE EXISTING DATA FILE BY MEANS OF THE
EXISTING DATA START TIME.
THE PROGRAM WILL NEXT PROMPT
"ENTER THE FINISH TIME OF THE DATA
?" ** **
YOU NOW ENTER THE TIME AT WHICH YOUR LAST OBSERVATION TOO?? PLACE . IF
YOU ARE INPUTTING NEW DATA. IF YOU ARE UPDATING ONE POINT . ENTER THE
SAME TIME AS YOU DID FOR THE START TIME. IF YOU ARE UPDATING A STRING OF
POINTS . ENTER THE LAST TIME IN THE STRING.
THE NEXT PROMPT IS :
"ENTER THE TIME STEP IN MINUTES
?" ** **
THIS IS TO BE A FLOATING POINT NUMBER . AT LEAST AS LARGE AS THE TIME
STEP OF THE EXISTING FILE. IF YOU HAVE A FIVE MINUTE FILE WITH TEN MINUTE
OBSERVATIONS . THERE IS NO POINT IN MAKING ZERO ENTRIES . SO RESPOND
WITH **10** . THE SAME CONSTRAINTS AS BEFORE EXIST IN THAT THE TIME STEP
MUST BE AN INTEGER MULTIPLE OF THE EXISTING TIME STEP. THIS IS TRUE ALSO
IF YOU ARE UPDATING A STRING OF DATA POINTS. IF YOU ARE UPDATING ONE
POINT . ANY NON-ZERO POSITIVE NUMBER WILL DO.
ONCE THE ABOVE THREE PARAMETERS HAVE BEEN DECLARED . THE PROGRAM WILL
RESPOND :
"TIME = . DATA =
ENTER NEW DATA
?" ** **
THIS MESSAGE WILL PRINT THE TIME AND CURRENT VALUE OF YOUR DATA FOR
THAT TIME FOR EVERY POINT ACCESSED BY THE PARAMETERS YOU HAVE CHOSEN.
THE PROGRAM ACCEPTS A FLOATING POINT NUMBER EXACTLY AS THE DATA ON THE
LAB SHEETS APPEARS. THE PROGRAM WILL INTERNALLY CONVERT THIS NUMBER TO
AN INTEGER VALUE FOR STORAGE. IF YOU ARE UPDATING AN ARRAY AND
DO NOT WISH TO CHANGE THE EXISTING VALUE . OR IF YOU DONT WANT TO ENTER
ZEROES . ANY NEGATIVE INTEGER WILL CAUSE THE PROGRAM TO SKIP TO THE NEXT
DATA POINT WITHOUT CHANGING THE CURRENT ENTRY. IN THE EVENT THAT "TRACE"
AMMOUNTS OCCUR ON THE LAB SHEETS . RESPONDING WITH **-999** WILL CAUSE
THE PROGRAM TO DENOTE THE FACT THAT A TRACE AMMOUNT EXISTS FOR THIS
CONSTITUENT FOR THE CURRENT INTERVAL . AND WILL RESPOND :
"TRACE AMMOUNT WILL BE REPRESENTED BY : C "
IN THIS CASE "C" INDICATES TRACE AMMOUNTS FOR TSS . A DIFFERENT
ALPHA-NUMERIC CHARACTER INDICATES EACH CONSTITUENT . WITH A DOUBLE
LETTER INDICATING A TRACE AMMOUNT OF THE DISSOLVED PORTION OF A
PARTICULAR CONSTITUENT.
WHEN YOU HAVE ENTERED THE LAST DATA IN YOUR SPECIFIED RANGE . THE
PROGRAM WILL RESPOND :
"DO YOU NEED TO WORK ELSEWHERE ON THIS FILE 7
?" ** **
A **YES** ANSWER ALLOWS YOU TO SPECIFY A NEW START . FINISH . AND
TIME STEP IF THERE IS A SECOND STRING OF DATA TO BE UPDATED IN THE FILE
OR IF THE OBSERVATION INTERVAL CHANGES IN THE FILE.
A **NO** ANSWER RESPONDS WITH
A-8
"DO YOU NEED TO WORK ON OTHER DATA SETS ?
?" ** **
A **YES** ANSWER WILL RESPOND BY ASKING IF YOU NEED THE KEYWORDS
REPEATED . AT WHICH POINT YOU WILL GET A LISTING IF SO DESIRED . AND THEN
YOU WILL BE ASKED FOR A KEYWORD . AND REPEAT THE ABOVE PROCEDURE.
A **NO** ANSWER WILL RESPOND
"DO YOU WISH TO MAKE COMMENTS ON THE DATA ?
?" ** **
A **NO** ANSWER TRANSFERS THE PROGRAM TO OPERATION MODE CHOICE STATUS.
A **YES** ANSWER RESPONDS :
"ENTER JUST ONE COMMENT AT A TIME . USING AS MANY LINES AS NEEDED
SEPARATE EACH COMMENT BY A LINE CONTAINING ONLY THE WORD SPACE
END YOUR COMMENTS WITH A LINE CONTAING ONLY THE WORD END
THE SET OF QUESTION MARK PROMPTS WILL CONTINUE UNTIL THE WORD "END"
IS ENCOUNTERED AS THE ONLY ENTRY ON THE LINE. EACH COMMENT MAY BE UP TO
SEVENTY-TWO CHARACTERS LONG. UP TO 200 LINES OF COMMENTS ARE ALLOWED.
YOU MAY WANT TO COMMENT ON WHEN DATA ARRIVED FROM THE LAB . OR SAMPLER
MALFUNCTIONS . ETC . IT IS NOT NECESSARY TO INDICATE WHICH FILES YOU
WORKED ON AND WHEN . THE INITIALS AND DATE YOU ENTERED AT THE START OF
THE PROGRAM WILL BE USED AS COMMENTS IF YOU MADE ANY CHANGES TO THE DATA
SETS . ALONG WITH THE INTERNAL ARRAY NUMBER OF THE DATA YOU ALTERED.
WHEN YOU HAVE SIGNALED THE END OF YOUR COMMENTS . THE PROGRAM WILL
SHIFT BACK TO OPERATION MODE CHOICE STATUS.
IF YOU ANSWERED **YES** TO THE PROMPT :
"WAS THIS DATA SET INPUT AT THE WRONG START TIME 7
?" ** **
THE PROGRAM WILL RESPOND :
"DATA CURRENTLY BEGINS AT
ENTER THE TIME AT WHICH THE DATA SHOULD BEGIN
?" ** **
YOU NOW ENTER THE TIME AT WHICH THIS ARRAY SHOULD HAVE HAD ITS FIRST
DATA POINT . AND THE PROGRAM WILL SHIFT THE ENTIRE ARRAY TO THIS START
TIME 3Y AN INTERVAL EQUAL TO THE DIFFERENCE BETWEEN THE CURRENT START
TIME AND THE ONE YOU HAVE JUST SPECIFIED. THE PROGRAM WILL THEN ECHO THE
ENTIRE ARRAY . ALONG WITH THE TIME ARRAY . IN THE FOLLOWING FORMAT
"TIME = · DATA =
TIME = · DATA =
TIME = . DATA "
IT WILL THEN ASK IF YOU NEED TO WORK ON OTHER DATA SETS AND CONTINUE
AS ABOVE.
IN THE CASE OF DATA INPUT FOR NEWLY-CREATED TELEMETERED DATA FILES
YOU WILL FIRST HAVE THE KEYWORDS REPEATED . AND UPON ENTERING THE NAME
OF THE FIRST CONSTITUENT TO BE WORKED ON . THE PROGRAM AUTOMATICALLY
SCANS THE CONSTITUENT ARRAYS AND ASKS FOR DATA ONLY AT TIMES WHEN THE
SAMPLERS DREW WATER. THE PROMPT WILL APPEAR AS FOLLOWS :
"ENTER NH4 CONCENTRATION FOR TIME = 0800
?"** **
IN THE ABOVE PROMPT . NH4 AND 0800 ARE FOR THE PURPOSE OF EXAMPLE
ONLY. THE USER RESPONSE MAY BE TO ENTER LAB DATA. ZEROES I WHEN A
PARTICULAR SAMPLE WAS NOT USED TO DETERMINE A CONCENTRATION FOR THIS
CONSTITUENT I . OR THE TRACE AMMOUNT RESPONSE . AS DISCUSSED ABOVE.
THE PROGRAM WILL ASK WHETHER OR NOT YOU WISH TO INPUT DATA TO OTHER
ARRAYS AND CONTINUE AS ABOVE. THIS SUBROUTINE IS FOR INPUT ONLY. NOT
U??DATE. IF THE PROGRAM FINDS NO EMPTY SAMPLE TIMES IN THE CONSTITUENT
ARRAY YOU SPECIFY. IT WILL IMMEDIATELY ASK IF YOU WANT TO WORK ON
OTHER DATA SETS.
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V. DATA OUTPUT ( OPERATING MODE "PRNT" )
A) LINE PRINTER OUTPUT
WHEN YOU SELECT MODE **PRNT** . THE PROGRAM WILL RESPOND
"IS PRINT TO BE IN HP PLOTTER FORMAT ?
?" ** **
A **YES** ANSWER ENABLES DATA SETS TO BE PRINTED OUT TO FILES IN THE
FORMAT REQUIRED FOR USE WITH THE PROGRAM TO PLOT NURP DATA . WHICH IS
DISCUSSED IN THE NEXT SECTION.
A **NO** ANSWER WILL CAUSE THE PROGRAM TO INSPECT THE FILE AND
DETERMINE HOW MANY COMMENT RECORDS EXIST. THE PROGRAM THEN PRINTS THE
DATA IN ITS INTEGER FORMAT WITH THE ARRAYS APROPRIATELY LABELED .
FOLLOWED BY A RECORD WHICH CONTAINS THE EXPONENTS OF THE DATA SETS. THE
PROGRAM THEN SKIPS THREE RECORDS AND WRITES THE NUMBER OF COMMENT RECORDS
ON THE OUTPUT. YOU ARE THEN PROMPTED:
"(??) COMMENT RECORDS EXIST
DO YOU WANT COMMENTS PRINTED ??" ** **
A **YES** ANSWER PRINTS THE COMMENTS AT THE END OF THE DATA.
AT THIS POINT . EITHER ANSWER CAUSES THE FOLLOWING MESSAGE:
"THE PRINTED DATA IS IN FILE OUT
YOU MUST PRINT TO SWS WHEN YOU EXIT"
THE PROGRAM NOW RETURNS TO OPERATION MODE CHOICE STATUS. THE
COMMAND THAT WILL PRINT THE FILE NAMED "OUT" IS DISCUSSED IN SECTION
VII.B. AN EXAMPLE OF THIS OUTPUT IS PRESENTED IN SECTION IX.
B. OUTPUT FOR HP PLOTTER
IF YOU ANSWERED **YES** TO THE QUESTION
"IS PRINT TO BE IN HP PLOTTER FORMAT ?
?" ** **
THE FOLLOWING RESPONSE WILL APPEAR :
"THE CURRENT INTERVAL OF THE DATA IS MINUTES
ENTER THE TIME STEP IN MINUTES
?"** **
"THE EVENT CURRENTLY BEGINS AT AND ENDS AT
ENTER THE START TIME OF THE DATA
?"** **
"ENTER THE FINISH TIME OF THE DATA
?"** **
YOU RESPOND TO EACH OF THESE PROMPTS BY ENTERING THE THREE PARAMETERS
THAT WILL PRODUCE THE PLOTTING DATA YOU NEED. SUBJECT TO THE PREVIOUSLY
DISCUSSED CONSTRAINTS ON TIME STEP AND THE REQUIREMENT THAT BOTH THE
START AND FINISH TIME THAT YOU SPECIFY MUST EXIST IN THE DATA FILE. IF
YOUR FILE IS PART OF AN EVENT ENCOMPASSSING MORE THAN ONE DATA FILE .
YOU MAY ASK FOR THE ENTIRE 241 RECORDS TO BE OUTPUT . WHICH WILL PROMPT
"IS THE EVENT CONTINUED ON ANOTHER FILE ?
?"** **
"ARE YOU GOING TO PLOT FROM THE SECOND FILE ?
?"** **
A **NO** REPONSE TO THE FIRST QUESTION WILL BYPASS THE SECOND AND
SKIP DIRECTLY TO THE FILE INFORMATION QUESTIONS DISCUSSED BELOW. BY
ANSWERING **YES** . YOU ARE ALLOWED TO EITHER SUPPRESS THE 241ST RECORD
BY ANSWERING **YES** A SECOND TIME . OR PLOT THE LAST VALUE IF YOU DONT
WISH TO PLOT THE TRAILING DATA (E.G. THE 24 SAMPLES MAY HAVE BEEN TAKEN
IN THE FIRST FOUR HOURS . IN WHICH CASE NOTHING BUT DISCHARGE AND RAIN
DATA EXIST IN THE SUCCEEDING FILES).
YOU ARE NOW READY TO TELL THE PROGRAM WHICH CONSTITUENT FILES YOU
WANT TO OUTPUT FOR PLOTTING. THE KEYWORD SELECTION PROCESS IS IDENTICAL
TO THAT FOR DATA INPUT/UPDATE. THE PROGRAM WILL GENERATE ONE FILE PER
REQUESTED CONSTITUENT UNTIL YOU EITHER ANSWER **NO** TO THE FOLLOWING
QUESTION OR UNTIL THE TWENTY ALLOWABLE OUTPUT FILES ARE FILLED. THE
PROGRAM PROMPTS FOR ADDITIONAL DATA OUTPUT WITH :
"DO YOU WISH TO PRINT OTHER FILES ?
?"** **
ONCE YOU HAVE TERMINATED THE DATA OUTPUT . THE PROGRAM WILL ECHO THE
CONSTITUENTS AND THEIR DEFAULT FILE NAMES AS FOLLOWS :
"(FIRST DATA SET NAME) WILL BE PRINTED TO FILE O11
(SECOND DATA SET NAME) WILL BE PRINTED TO FILE 012
(TWENTIETH DATA SET NAME) WILL BE PRINTED TO FILE 030"
THE FILES MAY BE RENAMED AND SAVED IF SO DESIRED . OR THEY MAY BE
PLOTTED UNDER THE ABOVE DEFAULT NAMES. IF YOU ARE APPENDING HP PLOTTER
OUTPUT FILES .DO NOT EXECUTE THE "RWF" COMMAND BEFORE RELOADING THE
MAIN PROGRAM. ALSO REMEMBER THAT IN ORDER TO APPEND THE CORRECT DATA TO
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EXISTING FILES . THE CONSTITUENTS MUST BE PRINTED IN THE SAME ORDER THE
SECOND TIME THROUGH AS THEY WERE THE FIRST TIME. BEFORE PLOTTING OR
SAVING THESE APPENDED FILES . THEY MUST BE "PACKED" BY THE PROCEDURE
OUTLINED IN SECTION VII.B.
VI. PROGRAM TERMINATION
A) OPERATING MODE "EXIT"
NORMAL TERMINATION OF THIS PROGRAM OCCURS THROUGH THE SELECTION OF
**EXIT** AS AN OPERATING MODE. IF . WHEN YOU CHOOSE **EXIT** . THE ONLY
OPERATIONS YOU HAVE EXERCISED WERE IN "PRNT" MODE . YOU NEED ONLY
CONCERN YOURSELF WITH SAVING OR PRINTING YOUR OUTPUT FILES . AS WILL BE
DISCUSSED IN SECTION VII.B. IF YOU HAVE ACCESSED ANY FILES FOR UPDATE OR
HAVE CREATED A NEW FILE . THE FOLLOWING WILL APPEAR :
"YOU HAVE CHANGED YOUR INPUT DATA FILE
IF YOU WISH TO RETAIN YOUR REVISIONS . REMEMBER TO SAVE "
TERMINATION OF "MANAGE" FOR ANY WORK DONE IS CUED BY :
"THE JOB IS FINISHED
CP SECONDS EXECUTION TIME"
IF THE DATA FILE IS NEW . EXECUTE THE FOLLOWING COMMAND NOW :
"/"**SAVE.(FILENAME)**
IF YOU HAVE UPDATED A FILE WHICH ALREADY EXISTS . EXECUTE THIS COMMAND :
"/"**REPLACE.(FILENAME)**




IF . IN THE ABOVE PROGRAM . YOU ARE ASKED FOR A RESPONSE . AND YOU
PRESS "RETURN" WITHOUT HAVING ENTERED ANY INFORMATION . THE PROGRAM IS
GOING TO TERMINATE WITH AN INPUT FILE ERROR MESSAGE. IF THIS OCCURS . ANY
WORK YOU HAVE JONE WILL BE LOST. YOU MUST START OVER BY REWINDING YOUR
FILES WITH THE COMMAND
"/"**RWF**
"RWF FINISHED"
THE SECOND LINE INDICATES THAT THE CYBER IS READY FOR YOU TO EXECUTE
THE "LOAD AND GO" STATEMENT OF SECTION VII.B. AGAIN.
IF . FOR ANY REASON . YOU NEED TO EXIT THE PROGRAM WHEN YOU ARE NOT
ABLE TO ISSUE THE **EXIT** OPTION . SIMPLY PRESS "BREAK". A MESSAGE TO
THE EFFECT OF :
"**INTERRUPTED**"
WILL APPEAR ON THE TERMINAL. PRESS ANY CHARACTER AND THEN "RETURN" TO
TERMINATE THE PROGRAM. AS ABOVE . ANY WORK YOU HAVE DONE WILL BE LOST.
NOTE : WHEN YOU ARE ASKED FOR A **YES** OR **NO** ANSWER . A **Y**
OR **N** WILL SUFFICE. BE SURE TO ANSWER ALL SUCH PROMPTS WITH ONE OF
THESE RESPONSES BECAUSE THE PROGRAM SWITCHES BASED ON YOUR ANSWER.
VII. PROGRAM EXECUTION
A). PREPARATION
THE FILE "MANAGE" IS THE ONLY FILE WHICH YOU MUST HAVE IN ORDER TO
USE THIS PROGRAM. IF DATA ALREADY EXISTS . AND IS TO BE UPDATED . IT TOO
MUST BE ACCESSED. IF YOU INTEND TO CREATE A FILE FROM TELEMETERED DATA
THIS FILE MUST ALSO BE ACCESSED. THE MOVING OF DATA TO YOUR "WORKING
SPACE" IS ACCOMPLISHED WITH THE GET COMMAND.
"/"**GET.MANAGE**
WILL MOVE THE PROGRAM FILE "MANAGE" INTO YOUR WORK SPACE. A SIMILIAR
COMMAND MAY BE EXECUTED TO MOVE ANY OTHER REQUIRED FILES ( DATA FILE(S) )
INTO THE WORK SPACE.
THE FOLLOWING COMMAND READIES THE PROGRAM FOR USE :
"/"**FTN.I=MANAGE.ER.T.L=0.LTP=0**
AND WILL BE FOLLOWED SHORTLY BY :
"        CP SECONDS COMPILATION TIME
/"
YOU ARE NOW READY TO LOAD YOUR DATA AND RUN THE PROGRAM. GO TO
SECTION VII.B.
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B) LOADING DATA FILES
THE FOLLOWING LISTS THE DEFAULT NAMES OF THE INPUT/OUTPUT FILES
F1 = DATA FILE
F2 = TELEMETRY DATA FILE
OUT = LINE PRINTER OUTPUT FILE
011
: = HP PLOTTER OUTPUT FILES
030
THE FILENAME "F2" MUST BE YOUR BONAFIDE FILENAME IF TELEMETERED DATA
IS TO BE USED TO CREATE A FILE. THIS FILE IS GENERATED BY RUNNING A
SEPARATE PROGRAM NAMED "READATA" . WHICH IS DISCUSSED IN THE APPENDIX(SECTION X)
THE DEFAULT FILENAMES WILL BE USED IN THIS DISCUSSION.
TO START THE PROGRAM WITH NO EXISTING DATA FILE . AND IF YOU INTEND TO
SPECIFY THE TIME ARRAY PARAMETERS YOURSELF ( MODE = "INIT" ) . THEFOLLOWING COMMAND WILL START THE PROGRAM
"/"**LGO**
THE DATA FILE YOU HAVE CREATED UPON LEAVING THE PROGRAM WILL HAVE THE
DEFAULT NAME "F1". IF YOU WISH TO SPECIFY THE FILENAME BEFOREHAND :
"/"**LGO.(FILENAME)**
WILL START THE PROGRAM . AND THE DATA FILE WILL HAVE THE FILENAME YOU
USED WHEN THE PROGRAM IS TERMINATED. THE ABOVE COMMAND IS ALSO USED FOR
UPDATING EXISTING FILES. IN THIS CASE . YOUR FILE WILL CONTAIN THE UPDATES
WHEN YOU EXIT . AND YOU MAY SAVE THEM BY EXECUTING THE "REPLACE" COMMAND
WHICH WAS DISCUSSED EARLIER.
IF YOU INTEND TO CREATE A NEW FILE FROM TELEMETERED DATA . ASSUMING
YOUR TELEMETRY DATA FILE IS NAMED "F2" . GIVE THE FOLLOWING COMMAND
"/"**LGO..F2**
AS BEFORE . NOT SPECIFYING YOUR DATA FILE NAME WILL DEFAULT IT TO
"F1". REMEMBER THAT THERE IS A PRE-DETERMINED ORDER IN WHICH THESE FILES
ARE ACCESSED . AND THAT IF YOU WISH TO DEFAULT TO THE PROGRAM NAME OF A
FILE . YOU MUST PRESERVE THE NUMBER OF COMMAS AS SHOWN ABOVE. THE TWO
CONSECUTIVE COMMAS TELL THE PROGRAM THAT YOU ARE NOT INPUTTING ANY
EXISTING DATA F3R "F1" . BUT YOU ARE USING EXISTING DATA FOR "F2". FILES
WHICH COME AFTER ANY FILES WITH SPECIFIED NAMES NEED NOT BE CONSIDERED
WITH RESPECT TO COMMA PLACEMENT . AS THEY ARE ASSUMED TO BE DEFAULTED.
THE ABOVE COMMAND FOR THE CASE WHERE YOU WANT TO SPECIFY YOUR DATA
FILE NAME . WOULD BE AS FOLLOWS
"/"**LGO.F1.F2**
IF YOU WANT TO PRINT DATA TO EITHER THE LINE PRINTER OR IN HP
PLOTTER FORMATTED FILES . ANY OF THE ABOVE COMMANDS WOULD GENERATE YOUR
LINE PRINTER OUTPUT IN FILENAME "OUT" . AND YOUR HP PLOTTER DATA IN
FILENAMES "011"."012"....."029"."030" . IT IS NOT ADVISEABLE TO TRY TO
PRE-DESIGNATE THE NAMES OF THE HP PLOTTER FILES UNLESS YOU ARE ONLY
PRINTING A FEW DATA SETS. IF YOU WISH TO SAVE THESE FILES . USE THECYBER "RENAME" AND "SAVE" OPTIONS . WHICH WILL BE DISCUSSED LATER.
TO DESIGNATE YOUR LINE PRINTER FILE . EXECUTE THE COMMAND AS :
"/"**LGO.F1..(FILENAME)**
AGAIN . THE COMMAS MUST BE PRESERVED.
TO RENAME A FILE . THE FOLLOWING COMMAND WILL BE USED AS AN EXAMPLE.
THIS EXAMPLE IS FOR A NEWLY CREATED DATA FILE FOR THE MATTIS AVENUE
NORTH BASIN . AND AN EVENT FROM NOVEMBER 22,1979 :
"/"**RENAME.A11229A=F1**
THE RESPONSE WILL BE:
"RENAME.A11229A=F1"
YOU THEN ISSUE THE "SAVE" COMMAND . DISCUSSED EARLIER.
TO PRINT A FILE . FOR EXAMPLE FILENAME "OUT" . GIVE THIS COMMAND :
"/"**PRINT.OUT/EJ/RJE=SWS/NAME=OUT/JOB=(YOUR LAST NAME)**
THE CYBER WILL THEN ECHO BACK THE INFORMATION. OUTPUT WILL BE IN BIN
NUMBER 21 ON THE EAST WALL OF ROOM 62 . WRB.
IF YOU HAVE APPENDED HP PLOT FILES FOR AN EVENT LONGER THAN FOUR HOURS
IN DURATION . USE THE FOLLOWING COMMAND. THE EXAMPLE IS FOR FILE "011" :
"/"**PACK.011.**
THE CYBER WILL RESPOND :
"PACK COMPLETE."
YOU MAY NOW RENAME AND/OR SAVE THIS FILE FOR LATER USE.
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VIII. SAMPLE DATA FILE FOR PERMANENT STORAGE
THE FOLLOWING PAGE IS AN EXAMPLE OF A PERMANAENT STORAGE DATA FILE.
THE FILE NAME IS "A11229A . DENOTING THAT THE DATA STORED IS FOR
THE NORTH MATTIS BASIN ("A") . AND THE EVENT DATE IS NOVEMBER ("11")
TWENTY-SECOND ("22") . 1979 ("9") . AND THE EVENT IS THE FIRST ("A") OF
THE DATE.
YOU WILL NOTICE THAT THE FIRST LINE CONTAINS INTEGER VALUES. THE
FIRST VALUE IS THE NUMBER OF ACTUAL DATA RECORDS ("9") . AND THE NEXT
35 VALUES ARE THE EXPONENTS . BASE TEN . OF THE STORED DATA. RECORDS
TWO THROUGH TEN CONTAIN THE ACTUAL EVENT DATA FOR THIS FILE. THE FIRST
INTEGER IN EACH RECORD REPRESENTS THE TIME . FOLLOWED RY 36 INTEGERS
REPRESENTING THE DATA FOR THAT TIME IN THE EVENT. ZEROES REPRESENT
EITHER NO AVAILABLE DATA . OR A ZERO VALUE AT THAT TIME. POSITIVE
INTEGERS . RAISED TO THE EXPONENT OF THAT COLUMN . REPRESENT THE ACTUAL
OBSERVATION AT THAT TIVE. NEGATIVE NINES ("-9") INDICATE THAT A TRACE
AMMOUNT OF THE CONSTITUENT OCCURRED .
THE COMMENT CARDS HAVE SOME USER-SUPPLIED INFORMATION . SUCH AS
RATING CURVE INFO . SITE LOCATION . AND TRACE AMMOUNT INFO . AS WELL AS
DEFAULT INFORMATION . SUCH AS WHO CREATED THE FILE AND WHEN . AND WHO
INPUT OR UPDATED AN ARRAY AND WHEN.
11
FILE CREATED 06/25/80 BY DCN
NORTH MATTIS BASIN . EVENT OF 11/22/79 . FILE=A11229A
DISCHARGE FROM JAN. 80 RATING CURVE
TRACE CONCENTRATIONS DESIGNATED BY ALPHA-NUMERICS/-9
FILES UPDATED : 2 3 4 S 6 7 8 10 12 14 16 18 19 21 23
25 27 29 31 33 36 37
DCN 06/25/80
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IX. SAMPLE LINE PRINTER OUTPUT
THE FOLLOWING PAGE IS AN EXAMPLE OF THE OUTPUT FROM MODE "PRNT".
YOU WILL NOTICE THAT WE NOW HAVE EACH OF THE COLUMNAR DATA ARRAYS
LABELED AS TO WHAT DATA IS IN THE ARRAY. THE EXPONENTS ARE GIVEN FOR
EACH ARRAY AFTER THE OATA IN THIS FORMAT.
INSOFARAS THE DATA ITSELF IS CONCERNED . THE ONLY DIFFERENCE IN
THIS PRESENTATION AS OPPOSED TO PRINTING THE ACTUAL DATA FILE IS THAT
WE NOW HAVE AN ALPHA-NUMERIC REPRESENTING TRACE AMMOUNTS RATHER THAN
A MINUS NINE.
USING THIS TABLE ALSO MAKES THE EXPLANATION OF THE "FILES UPDATED"
COMMENT CARDS EASIER. THE NUMBER TWO ("2") ON THIS CARD INDICATES THAT
ARRAY NUMBER TWO . OR "RAINFALL" . WAS INPUT OR UPDATED BY USER "DCN"
ON JUNE 25,1980.
AS YOU NOTED IN THE DISCUSSION OF THE PRINT OPTION ("PRNT") . THE
SECTION OF COMMENTS MAY BE LEFT OFF THIS OUTPUT BY ANSWERING **NO**
WHEN ASKED ABOUT THEIR INCLUSION.
11 COMMENT RECORDS EXIST
***** COMMENTS *****
FILE CREATED 06/25/80 BY DCN
NORTH MATTIS BASIN . EVENT OF 11/22/79 . FILE=A11229A
DISCHARGE FROM JAN. 80 RATING CURVE
TRACE CONCENTRATIONS DESIGNATED BY ALPHA-NUMERICS/-9
FILES UPDATED : 2 3 4 5 6 7 8 10 12 14 16 18 19 21 23
25 27 29 31 33 36 37
DCN 06/25/80
A-15
X. APPENDIX : PROGRAM "READATA"
THE TELEMTRY SYSTEM FOR THIS PROJECT PRODUCES TWO FILES ON THEPROJECT ACCOUNT "TOC" AND "RAWDAT". RAWDAT IS A DIRECT ACCESS FILEAND MUST BE MOVED TO YOUR WORKSPACE BY THE FOLLOWING COMMAND
"/"**ATTACH.RAWDAT**
READATA AND TOC MAY BE ACCESSED VIA THE "GET" COMMAND DISCUSSEDPREVIOUSLY. RAWDAT CONTAINS THE MINUTE BY MINUTE DATA FED BACK TO THEOFFICE FROM THE FIELD SITES. IT CONTAINS ONLY DATA. TOC IS THE "TABLEOF CONTENTS" FOR RAWDAT. IT CONTAINS ONE RECORD FOR EACH EVENT. THEEVENT RECORD TELLS THE DATE AND TIME OF THE ONSET OF THE EVENT. AND THENUMBER OF ONE-MINUTE RECORDS RAWDAT CONTAINS FOR THAT EVENT. IN ORDERTO USE "READATA" TO GENERATE THE INPUT FILE FOR "MANAGE". YOU MUSTDECIDE WHICH EVENT FROM TOC YOU WANT TO WORK ON. AND DETERMINE THERECORD NUMBER IN TOC OF THAT EVENT. THE FOLLOWING SERIES OF COMMANDSLEADS TO THE ONLY USER RESPONSE OF THE PROGRAM:
"/"**FTN.I=READATA.ER.T.L=0.LTP=0**
" 0.355 CP SECONDS COMPILATION TIME/"**LGO.TOC.RAWDAT**
"ENTER NUMBER OF TOC FILES TO SKIP. NUMBER TO READ
YOUR RESPONSE WOULD BE **XX.1** . WHERE XX IS THE RECORD NUMBER OFTHE EVENT YOU WANT TO WORK ON. MINUS ONE. THE INTEGER ONE IN YOURRESPONSE INDICATES ONLY ONE EVENT IS TO BE PROCESSED. THE PROGRAM WILLSIGNAL COMPLETION WITH :
" 0.133 CP SECONDS EXECUTION TIME
THERE ARE SIX FILES GENERATED BY THE PROGRAM
01 - CONTAINS EVENT CHECK DATA FOR NORTH MATTIS02 - CONTAINS EVENT CHECK DATA FOR SOUTH MATTIS03 - CONTAINS EVENT CHECK DATA FOR JAMES AND DANIEL04 - CONTAINS EVENT CHECK DATA FOR SOUTH JOHN05 - CONTAINS EVENT CHECK DATA FOR NORTH JOHN07 - CONTAINS INPUT DATA FOR MANAGE
FILE "07" IS REFERRED TO AS FILE "F2" IN THE PREVIOUS DISCUSSIONAS TO LOADING THE INPUT DATA FILES FOR A "MANAGE" RUN. THE FILE "07"IS READY TO USE AS TELEMETERED DATA INPUT. IT HAS SIXTEEN DATA ITEMSPER RECORD. AND ONE RECORD FOR EACH MINUTE OF THE SPECIFIED EVENT.THESE ITEMS ARE THE TIME (MILITARY). THREE RAINFALL RECORDS (SITES 2.3, AND 4). SEVEN BUBBLER READINGS (ONE EACH FOR THE MATTIS AND MICRO-BASINS. TWO EACH FOR THE JOHN BASINS). AND FIVE ZERO/ONE VALUES THATINDICATE TO "MANAGE" WHETHER OR NOT A SAMPLE WAS TAKEN AT THAT SITE INTHE PAST MINUTE.
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APPENDIX B 
RANGES OF CONSTITUENT CONCENTRATION 
IN RUNOFF SAMPLES BY BASIN 
B-l 
Ranges of Concentra t ion For Various Cons t i t uen t s In 
Event Runoff From Mat t i s Avenue North ( S i t e 1) 
Total Total Chemical 
No. of Suspended Dissolved No. of Total Oxygen Ammonia Nitrate-Nitrite 
Event Samples Solids Solids Samples Phosphorus Demand Nitrogen Nitrogen 
No. Tested Min. Max. Min. Max. Tested Min. Max. Min. Max. Min. Max. Min. Max. 
1 4 152 453 124 308 4 0.44 1.1 143 433 <0.1 0.1 0.3 0.4 
2 5 212 1128 117 278 3 0.33 1.9 109 508 0.2 0.3 0.8 1.1 
3 11 98 887 70 287 5 0.22 0.71 65 473 <0.1 0.1 0.1 0.7 
4 10 200 780 162 838 5 1.3 1.5 205 651 0.2 0.6 0.5 1.8 
5 4 1250 2120 76 728 0 - - - - -    -         -      -
6 13 230 2260 80 1020 6 0.40 1.2 83 475 0.5 2.7 0.7 1.3 
7 0 - - - - 4 0.72 1.6 246 836 0.3 0.3 0.4 0.8 
8 10 126 450 65 417 0 - - - - -    -     -    -
9 11 55 330 44 120 0 - - - - - - - -
11 6 190 530 132 181 0 - - - - - - - -
12 12 60 490 9 194 0 - - - - -     -        - -
13 6 350 970 147 372 4 0.47 0.87 180 400 0.2 0.3 0.7 1.0 
14 6 140 1100 90 122 0 - - - - - -         -  -
15A 7 120 1610 51 160 6 0.45 1.1 144 370 0.5 0.6 0.7 1.0 
B 2 100 150 57 110 2 0.41 0.43 119 223 0.5 0.5 1.0 1.0 
16 8 50 980 49 130 0 - - - -        - -    - -
17B 4 120 230 181 346 0 - - - - - - - -
C 7 160 730 84 338 0 - - - - - - - -
19A 3 70 110 185 404 0 -    -        -    - - -   - -
B 5 32 230 116 155 0 - - - - - -         -  -
21 5 55 650 73 115 0 - - - - - - - -
22 0 - - -    -         5 0.3 0.87 73 316 <0.1 0.8 0.2 1.3 
23 0 - - -    -         3         0.3    0.51     192   224        0.1  0.3          0.7   1.2 
24 8 65 220 96 380 0 - - - - - - -     -
25 6 60 550 71 220 0 - - - - -     -   - -
26A 0 - - - - 3 0.69 1.7 237 776 0.2 0.3 <0.1 0.2 
B 0 - - - - 6 0.21 0.73 78 269 <0.1 0.2 0.3 1.1 
27 5 48 400 177 299 0 - - - - -   -     -     -
No. of Mercury 
Event Samples Lead Copper Iron Zinc Manganese (µg/l) 
No. Tested Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 
1 4 0.6 1.9 <0.005 0.05 2.7 7.8 0.12 0.39 0.22 0.60          -          -
2 5 0.4 2.6 0.02 0.11 2.2 23.0 0.15 0.83 0.20 1.10 <0.05 0.05 
3 7 0.7 2.4 0.01 0.06 1.8 9.9 0.12 0.70 0.16 0.73     <0.05      -
4 5 0.6 4.4 0.03 0.15 2.3 12.9 0.21 1.00 0.19 0.76 - -
5 2 4.1 4.5 0.13 0.15 21.0 25.0 1.10 1.40 1.50 1.50 <0.05 0.09 
6 6 0.3 5.0 0.01 0.23 3.9 42.0 0.16 1.80 0.21 2.60      -     -
7 6 0.8 3.0 0.03 0.10 8.1 27.0 0.30 0.44 0.61 1.80     <0.05   -
8 5 0.3 0.8 0.01 0.05 2.9 6.5 0.12 0.47 0.21 0.42      -     -
9 6 0.1 0.5 0.01 0.02 0.86 3.2 - - 0.09 0.29      -     -
13 4 0.6 1.5 0.02 0.04 4.9 12.0 0.30 0.63 0.40 0.94      -     -
15A 6 0.2 1.3 0.04 0.08 2.0 11.0 0.12 4.4 0.16 0.81      -     -
B 2 0.2 0.2 0.03 0.03 1.6 1.6 0.1 0.09 0.14 0.14      -     -
22 5 0.1 0.8 0.01 0.03 0.56 6.7 0.05 0.33 0.06 1.2       -     -
23 3 0.3 1.1 0.01 0.04 1.9 4.0 0.11 0.26 0.18 0.34      -     -
26A 3 0.40 0.68 0.01 0.10 3.2 9.1 0.19 0.35 0.03 0.47      -     -
B 6 0.1 0.80 <0.005 0.40 1.0 4.7 <0.05 0.30 0.1 0.45      -     -
All units are mg/l (unless ocherwise noted) 
B-2 
Ranges of Concentrat ion For Various Cons t i tuen t s In 
Event Runoff From Mat t i s Avenue South ( S i t e 2) 
Total Total Chemical 
No. of Suspended Dissolved No. of Total Oxygen Ammonia Nitrate-Nitrite 
Event Samples Solids Solids Samples Phosphorus Demand Nitrogen Nitrogen 
No. Tested Min. Max. Min. Max. Tested Min. Max. Min. Max. Min. Max. Min. Max. 
1 5 49 380 80 168 5 0.15 0.81 46 273 <0.1 - 0.2 0.5 
2 5 126 2013 98 332 2 0.29 0.39 69 125 0.2 0.3 0.6 0.7 
3 10 122 550 60 332 7 0.20 0.87 38 508 0.1 0.7 0.2 0.9 
4 4 470 830 83 500 4 0.43 0.53 106 125 0.2 0.3 0.4 0.7 
5 3 1130 1550 253   411    0 -    -       - - - - -     -
6 13 140 3180 91 409 5 0.35 1.60 60 560 0.5 1.1 0.7 1.6 
7 0 -     -      -     -         5 0.65 1.50 160 590 0.3 0.3 0.5 1.0 
8 10 95 470 53 272 0         -    -       -     -      -    -          -     -
9 10 85 360 28 155 0 -    -       -     -      - -          - -
11 8 100 430 120 152 0 -    -       -     -   -    -          - -
13 11 76 795 109 384 4 0.42 0.88 148 332 0.3 0.5 0.8 1.2 
15 6 130 2380 1 151 4 0.39 0.87 111 272 0.5 0.6 0.6 1.0 
16 0 -     -       -    -         6 0.27 0.75 50 247 0.3 0.5 0.5 1.1 
17C 5 150 500 80 207 0 -    -       - - - - -     -
D 4 170 280 48 226 0 -    -   -     -   -     -    -     -
19A 4 42 84 148 226 0 - - - - -    -         - -
B 4 28 230 60 129 0 -    -   - -   - -        -     -
20 4 60 470 114 161 5 0.51 1.0 130 154 0.4 0.8 0.9 1.3 
21 5 25 270 54 205 0 -    -       - - - - - -
22 0 -      -       -    -        4 0.29 1.2 59 296 <0.1 0.2 0.1 1.1 
23 0 -      -       -    -        3 0.32 0.43 112 340 <0.1 0.3 0.8 1.1 
24 9 55 250 46 338 0 -     -       -    -       - - - -
25 6 85 550 83 241 0 -     -       -    -       - -         -     -
26A 0 -      -       -    -        3 1.6 2.4 437 473 1.6 5.5 <0.1    - 
B 0 -      -       -    -        6 0.05 1.1 41 188 <0.1 0.1 0.3 0.7 
27 4 96 420 198 313 0 -    -       - - - - - -
No. of Mercury 
Event Samples Lead Copper Iron Zinc Manganese (µg/l) 
No. Tested Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 
1 5 0.1 1.2 <0.005 0.02 0.5 5.2 0.05 0.20 0.04 0.45 -   -
2 5 0.3 2.4 0.01 0.12 1.2 12.0 0.17 0.74 0.12 1.2 <0.05 0.09 
3 9 0.2 2.8 0.01 0.06 1.3 9.7 0.11 0.86 0.12 0.74 <0.05 -
4 4 0.6 0.8 0.03 0.03 1.5 2.2 0.21 0.28 0.18 0.32   -  - 
6 10 0.2 3.0 0.01 0.07 3.8 24.0 0.14 0.91 0.22 1.8 <0.1   - 
7 5 0.4 2.0 0.02 0.07 5.0 18.0 0.25 0.79 0.45 1.4   -  -  
8 6 0.2 0.5 0.01 0.02 3.6 5.8 0.11 0.27 0.24 0.47   -  -  
13 4 0.3 1.3 0.01 0.04 2.7 8.9 0.15 0.55 0.21 0.73   -  -  
15 4 0.2 1.5 0.03 0.07 2.1 11.0 0.11 0.28 0.18 1.1   -  -  
16 6 0.1 1.3 0.03 0.06 1.1 10.5 0.08 0.26 0.07 0.98   -  -  
20 5 0.2 1.4 0.01 0.09 0.86 6.8 0.11 0.49 0.10 0.92   -  - 
22 4 0.1 0.7 0.01 0.04 0.66 5 0.07 0.3 0.09 0.73   -  -  
23 3 0.3 0.6 0.01 0.02 2.0 3.3 0.1 0.2 0.17 0.31   -  -  
26A 3 0.32 0.55 0.04 0.05 4.6 8.1   0.27 0.32 0.26 1.2   -  -  
B 6 0.09 0.94 <0.005 0.02 0.79 4.5 0.06 0.29 0.08 0.60   -  -  
All units are mg/l (unless otherwise noted) 
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Ranges of Concentration For Various Constituents In 
Event Runoff From The Micro Basin (Site 3) 
Total         Total               Chemical 
No. of Suspended Dissolved No. of Total Oxygen Ammonia Nitrate-Nitrite 
Event Samples Solids Solids Samples Phosphorus Demand Nitrogen Nitrogen 
No. Tested Min. Max. Min. Max. Tested Min. Max. Min. Max. Min. Max. Min. Max. 
2 0 -     -      -     -         2 0.56 0.83 286 443 0.3 0.3 1.0 1.3 
5 4 180 570 105 548 0 -    -        - - - - - -
7 1 1160 1160 266 266 2 0.13 0.22 30 65 0.2 0.2 0.7 0.7 
8 4 16 100 19 146 2 0.05 0.11 13 34 0.1 0.1 0.1 0.2 
15 5 23 2740 27 243 0 - - - - - - - -
16 6 11 580 7 154 0 - - - - - - - -
17C 10 5 520 12 130 0 - - - - - - - -
D 5 5 46 27 89 0 - - - - -  -  -  -
18 8 5 200 32 104 0 - - -    -        - - - -
19A 5 7 47 45 89 0 - - - - - - -      -
B 3 9 60 25 71 0 -  -  -  -      -  -  -  -
20 0 -    -        -    -         6 0.43 0.74 64 78 0.4 1.1 1.1 1.7 
21 9 17 260 43 128 0 - - -     -       - - -     -
22 0 -    -        -    -         5 0.31 1.7 31 45 0.3 1.3 0.6 1.8 
24 7 7 120 20 69 0 - - - - -    -         - -
25 0 -    -        -    -         7 0.16 0.47 29 115 <0.1 0.3 0.7 1.4 
26A 0   -  -   -  -    0        - - - -  - - -  -
B 6 28 85 27 108 0 - - - - - - - -
No. of Mercury 
Event Samples Lead Copper Iron Zinc Manganese (µg/l) 
No. Tested Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 
2 2 0.7 1.4 0.03 0.06 4.6 9.0 0.29 0.59       0.41  0.76 - - 
7 2 <0.05 0.3 0.01 0.01 0.5 2.1 0.07 0.15 0.03 0.19  -  -  
8 2 <0.05 0.1 <0.005 0.01 0.32 1.5 0.02 0.04 <0.01 0.14  -  -  
20 6 0.1 0.9 0.01 0.07 0.14 3.4 0.05 0.34 0.04 0.29  -  -  
22 5 <0.1 0.4 0.01 0.03 0.08 4.3 0.03 0.25 0.01 0.2  -  -   
25 7 <0.05 0.24 0.01 0.02 0.1 1.8 0.03 0.15 0.02 0.13  -  -   
All units are mg/l (unless otherwise noted) 
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Ranges of Concentrat ion For Various Cons t i tuen t s In 
Event Runoff From John S t r ee t South ( S i t e 4) 
Total Total Chemical 
No. of Suspended Dissolved No. of Total Oxygen Ammonia Nitrate-Nitrite 
Event Samples Solids Solids Samples Phosphorus Demand Nitrogen Nitrogen 
No. Tested Min. Max. Min. Max. Tested Min. Max. Min. Max. Min. Max. Min. Max. 
3 8 23 128 34 110 6 0.11 1.2 16 109 <0.1 0.3 0.2 1.1 
7 9 95 910 56 323 4 0.31 0.57 53 78 0.2 0.2 0.7 1.7 
8 11 35 630 36 231 7 0.15 0.24 14 53 0.2 0.3 0.3 1.4 
13A 2 5 6 386 412 0 - - -  -   -  -         -            -
B 4 3 22 320 413 0 -    -       -   -     -   -        -     -
C 4 10 15 206 290 0 - - -     -      -   -          -      -
E 7 5 250 94 335 4 0.17 0.41 15 75 <0.1 0.2 1.0 2.8 
15* 1 - - 128 - 1 1.2 - 148 - 1.5 - 1.3     - 
17* 1 65 - 111 - 1 0.33 - 48 - <0.1 - 0.9     -
20* 1 100 - 124 - 1 0.87 - 146 - 0.8 - 1.3     -
23 5 55 230 110 195 0 -     -       -    -       -    -  -      -
24 0 -     -      -     -         9 0.21 0.85 26 147 0.3 0.7 0.6 2.8 
25 0 -     -      -     -         6 0.29 0.96 41 150 <0.1 0.1 0.8 2.2 
26A 3 42 230 158 309 0 - - - - - - -     -
B 7 26 410 59 254 0 -    -       -     -       -    -        -      -
27 4 9 290 109 136 0 - - - - - - - -
No. of Mercury 
Event Samples Lead Copper Iron Zinc Manganese (µg/l) 
No. Tested Min. Max. Min. Max. Mln. Max. Mln. Max. Mln. Max. Min. Max. 
3 9 <0.05 0.2 0.00 0.02 0.26 1.5 0.04 0.13 0.02 0.13 <0.05 0.08 
7 8 <0.05 0.7 0.01 0.03 1.3 8.1 0.11 0.44 0.11 0.73 <0.05 -
8 10 <0.05 0.1 <0.005 0.01 0.5 1.8 0.04 0.10 0.03 0.13 <0.05 -
13E 6 <0.05 0.2 0.01 0.01 0.12 2.5 0.02 0.13 0.03 0.16 <0.05 -
15* 1 0.17 - 0.03 - 2.7 - 0.18 - 0.18 - 0.1      -
17* 1 <0.05 - 0.03 - 1.2 - 0.09 - 0.07 - - -
20* 1 0.2 - 0.03 - 1.2 - 0.22 - 0.13 - - -
24 9 <0.05 0.32 0.01 0.02 0.26 4.32 0.04 0.24 0.05 0.38   -   - 
25 6 0.06 0.18 0.01 0.04 0.6 3.1 0.05 0.23 0.06 0.28   -   - 
*Composite 
All units are mg/l (unless otherwise noted) 
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Ranges of Concentration For Various Constituents In 
Event Runoff From John Street North (Site 5) 
Total Total Chemical 
No. of Suspended Dissolved No. of Total Oxygen Ammonia Nicrate-Nitrite 
Event Samples Solids Solids Samples Phosphorus Demand Nitrogen Nitrogen 
No. Tested Min. Max. Min. Max. Tested Min. Max. Min. Max. Min. Max. Min. Max. 
2 2 146 308 88 88 3 0.62 1.9 75 379 0.4 1.4 0.7 0.9 
3 6 17 181 40 96 4 0.25 0.61 34 129 0.1 0.2 0.1 0.6 
8 12 35 360 49 168 7 0.17 0.33 27 78 0.2 0.8 0.4 1.3 
10 4 19 43 237 286 0 -     -      -     -       - -        - -
1 1 4 4 1 5 5 7 4 125 0 -     -      -     -       -     -        -     -
12 15 50 250 45 332 0 - - - - - - - -
13 12 20 320 117 354 3 0.27 0.84 34 48 0.3 0.3 1.3 1.6 
14 5 55 500 65 186 0 -    -       - - - - - -
15A 4 210 1130 113 347 3 2.1 6.2 383 436 1.2 2.5 1.2 3.4 
B 7 44 480 112 230 7 0.96 1.4 177 638 0.9 1.3 1.0 2.1 
16 8 45 590 32 186 6 0.39 1.2 58 272 0.4 0.7 0.1 0.9 
17A 3 21 36 285 318 0 - - -     -       - - - -
B 4 17 40 190 251 0 -    -       -     - - - -     -
C 10 21 430 79 236 5 0.32 0.73 52 228 <0.1 0.1 0.4 1.8 
D 10 29 180 31 111 0 -    -       -     -       -    -         - -
20 4 80 250 107 218 6 .96 2.1 158 241 0.8 1.4 1.2 2.3 
21 6 31 400 65 213 0 - - - - - - -     -
22 5 55 340 89 188 0 -    -       -     -       - - - -
23 3 36 190 72 126 0 - - -     -       - - - -
24 0 -     -        -     -           10 0.36 0.98 33 167 0.3 1.2 0.4 2.6 
25 0 -    -       -    -          7 0.54 1.9 76 240 0.1 0.6 <0.1 1.0 
26A 4 60 150 185 296 0 - - - - -    -          - -
B 7 40 970 21 221 0 - - - - - - - -
27 5 110 570 80 230 0 -    -       - - - - - -
No. of Mercury 
Event Samples Lead Copper Iron Zinc Manganese (µg/l) 
No. Tested Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 
2 8 0.1 3.0 0.05 0.41 0.94 28.0 0.13 2.4 0.07 1.7 <0.05 0.23 
3 5 0.02 0.3 0.03 0.06 0.7 2.3 0.09 0.21 0.06 0.16 <0.05   -
8 12 <0.05 0.3 0.01 0.05 0.92 2.8 0.04 0.14 0.07 0.21 <0.05   - 
13 5 0.1 0.4 0.02 0.03 0.07 2.2 0.09 0.19 0.04 0.18 <0.05 0.05 
15A 3 0.5 1.4 0.05 0.14 3.3 11.0 0.42 0.80 0.36 0.77   -  -
B 7 <0.1 0.27 0.03 0.04 0.82 5.5 0.1 0.2 0.13 0.31   -  - 
16 6 0.1 0.9 0.04 0.07 1.2 6.1 0.14 1.4 0.07 0.4   -  - 
17C 5 0.1 0.4 0.04 0.06 0.63 5 0.09 0.18 0.05 0.28   -  - 
20 6 0.1 0.4 0.04 0.07 0.59 2.1 0.12 0.44 0.11 0.32   -  - 
24 10 <0.05 0.24 0.01 0.11 0.46 2.78 0.04 0.22 0.06 0.24   -  - 
25 7 0.09 0.51 0.02 0.18 1.8 3.5 0.12 0.34 0.13 0.30   -  - 
All units are mg/l (unless otherwise noted) 
B-6 
APPENDIX C 
HANDOUT FOR BASIN RESIDENTS 
C-1 
State Water Survey Division 
605 East Springfield 
Champaign. IL 61820 
Mail: Box 232. Urbana. IL 61801 
217/333-2210 April 21, 1980 
URBAN STORM RUNOFF POLLUTION 
If you found this handout at your door, you live in an area of Cham­
paign that will be the subject of intense stormwater pollution studies for the 
next two years. The study will be conducted by the Illinois State Water 
Survey in cooperation with the Illinois Environmental Protection Agency and 
the City of Champaign. The study is one of thirty nationwide that are funded 
by the U.S. Environmental Protection Agency and comprise the National Urban 
Runoff Program (NURP). 
You may have noticed green instrument shelters located around your neigh­
borhood. These shelters house instruments that measure the depth of flow in 
a nearby storm sewer and samplers that can pump a sample of water from the 
storm sewer and hold it for later transport to the laboratory. The samples 
will be analyzed for a number of chemical constituents including heavy metals, 
mercury, nutrients and chloride. In addition, several recording rain gages 
and rainfall samplers will be located around the area. The rainfall will 
also be chemically analyzed for pollutant content. 
The rainfall and storm sewer flow information will be transmitted by 
phone lines to a mini-computer located at the Water Survey. During storm 
periods the computer will instruct the samplers when to withdraw a sample 
of water from the storm sewer. After the storm has passed, Water Survey 
personnel will remove the water samples from the shelters and take them 
to the laboratory, for analysis. 
Beginning this spring you will frequently see Water Survey personnel 
using a vacuum cleaner to collect samples of street dirt. This material 
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will be carefully weighed and chemically analyzed to determine the rate at 
which such material builds up on the street surfaces. 
This fall you will also notice increased activity of municipal street 
sweepers. The City of Champaign is a cooperator in this study and will be 
sweeping streets at various intervals to determine the effect of this sweeping 
on water quality. During this period, certain areas may also be purposely left 
unswept for several weeks. These periods of street dirt buildup are important 
to the study and will always be followed by a complete clean up. 
It is the goal of this study to improve water quality by gaining a better 
understanding of urban stormwater pollution and its control by municipal 
street sweeping. Storm water leaving this area of Champaign flows through the 
Boneyard Creek, the Saline Branch and the Salt Fork of the Vermilion River 
on its way to the Wabash River. Clearly pollution beginning in our cities has 
the potential of reaching far beyond the city boundaries. The study should 
cause little or no inconvenience to residents of the area. The cooperation and 
support of all is requested. 
Questions relating to the study or requests for presentation of more 
study details to neighborhood groups may be made by calling: 
Illinois State Water Survey 
Mike Terstriep 333-4959 
Mike Bender 333-7955 
Champaign Department of Public Works 351-4421 
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